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PREFACE. 


If 


Thb  same  reasons  which  impelled  us  to  undertske 
the  adaptation  of  the  first  part  of  the  Scientific  Class 

Book"  to  the  use  of  schools  and  academies  in  the  United 
States,  has  equally,  or  even  more  forcibly,  urged  the 
importance  of  performing  the  like  task  in  regard  to 
the  present  work.  In  several  of  the  departments  in- 
cluded in  this  volume,  we  have  hitherto  been  so  far 
from  possessing  a  good  treatise  adapted  to  schools,  that 
we  have^  in  fact,  had  no  work  in  all  respects  eligible  as 
a  text  book,  even  for  the  highest  institutions. 

This  deficiency  cannot  be  said  to  arise  from  a  want 
^  interest  to  ereate  a  demand  for  informatim  in  regard 
to  the  sciences  here  sketched.  The  remarkable  ra- 
pidity with  which  the  arts,  dependent  for  their  success 
on  these  divisions  of  knowledge,  have  recently  ad- 
vanced, evinces  that  high  national  interests  are  con- 
cerned in  the  diffusion  of  correct  notions  respecting 
their  phenomena  and  laws. 

The  treatise  on  Chemistry  will  be  found  to  contain  a 
general  discussion  of  the  objectrof  the  science,  a  concise 
▼iew  of  the  various  simple  substances  of  which  it  treats, 
and  the  chemical  laws  of  combination,  together  with  a 
brief  account  of  the  non-metallic  and  the  metallic  ele- 
ments, and  their  respective  compounds.  We  Rave 
added  a  considerable  number  of  illustrations;  and  ar- 
ranged and  condensed,  from  the  excellent  Chemical  Dic- 
tionary of  Dr.  lire,  the  articles  on  analysis  of  stones— 
on  the  vegetable  creation,  its  chemical  constituents,  and 
modes  of  analysis — on  the  animal  kingdom  and  its  che- 
mical rdations— <»n  the  na|ure  of  soils,  with  the  methods 
of  testing  and  improving  tixeir  character,  as  detailed  by 
Davy  and  others,  and  on  the  constitutions  and  tests  of 
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mineral  waters.   Without  these  additions  the  treatise 

on  Chemistry  would  have  lacked  much  of  its  value  as  a 
practical  elementary  guide.  With  these,  the  usefulness 
of  the  science  is  at  once  made  manifest,  and  the  methods 
of  operating,  presented  in  the  subsequent  parts,  in  which 
the  treatment  of  metallic  ores  and  other  minerals  is 
described^  become  iDtelligible  and  of  eai^  applicatioo. 
The  nomenclature  employed  in  this  department,  is  in 
aooordance  with  tbeusag^of  tlmmestiynyrovedmodeni 
writers. 

The  traet  on  Metallurgy  will,  it  is  confidently  be^ 

lieved,  be  found  to  embrace  a  highly  useful  series  of 
elementary  facts  and  instructions,  upon  a  department  of 
science  and  art  rapidly  rising  in  the  estimation  of  the 
community,  and  upon  which  hitherto  very  little  general 
information  has  been  diffused.  The  subdivisions  of 
this  treatisei  relating  to  mineral  veins  and  mines — the 
airt  of  mining,  and  that  of  assaying  by  meehani<»tl 
meaaS|  and  by  the  dry  and  humid  me&ods  respeet^ 
irely--4he  metaUurgic  processes  for  redueijsg^  ore% 
with  the  methods  of  forming  alloys,  and  the  uses  to 
whidi  the  latter  are  severally  applied,  form  so  many 
highly  curious  and  interesting  topics  of  discussion, 
adapted  alike  to  stimulate  and  to  reward  inquiry. 

Among  the  branches  of  knowledge  which  now  engage 
the  intense  interest  of  the  scientific  world,  one  of  the  most 
attractive  is  that  which  relates  to  the  present  state  of  the 
earth's  surface,  and  to  the  enist  immediately  beneath  it 
This  science  involves  the  necessity  of  understanding 
the  phenmnenn  and  principles  of  chemistry,  not  less 
than  those  of  mineralogy  i^^d  the  laws  of  crystalliaa- 
tion;  and  it  leads  directly  to  the  deirelopment  of  those 
remarkable  truths  respecting  the  former  condition  and 
inhabitants  of  our  planet,  which  the  study  of  fossil 
geology  could  alone  impart.  The  freshness  of  tlicse 
subjects  to  the  minds  of  American  students,  the  facility 
of  illustrating  them  in  all  their  details  by  the  observa- 
tion of  numerous  facts,  and  ijje  influence  of  those  dis- 
tinguished names  among  ourselves,  who  have  become 
connected  with  tho  cultivation  of  these  soveml  sciences. 
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and  to  whose  works  we  have  made  frequent  reference, 
will,  it  is  believed,  insure  to  these  treatises  the  attention 
which  tltfir  subjects  mast  ever  strongly  invite. 

However  remote  may  seem,  imon  a  limited  view,  the 
connection  between  the  study  of  such  subjects  as  that 
ot  organic  remaitts,  and  the  direct  usefolness  of  its 
i^lts,  yet  when  it  Is  recoUet^ed-  that  the  very  nature 
of  rocks,  the  value  of  minerals  which  may  be  expected 
to  accompany  them,  and  the  soils  they  may  aid  in  pro- 
ducing, are  all  indicated  by  the  kinds  of  organic  remains 
found  in  such  rocks,  it  will  be  apparent  that  most  useful 
knowledge  may  be  derived  from  this  study. 

In  woncs  of  science  the  style  is  a  matter  entirely 
secondary  in  its  relation  to  the  truths  of  nature  deve- 
h^d.  Studied  graces,  and  especially  ambitious  orna- 
ments of 'mere  rbetorici  would,  by  every  votary  of 
science,  be  felt  to  be  misplaced.  Neatness  and  perspi- 
cuity are  the  chief  characteristics  which  such  a  treatise 
demands;  and  these,  it  is  conceived,  have  been  ade- 
quately preserved,  maintaining  constantly  a  due  regarc^^ 
to  the  great  purpose  of  rendering  the  work  intelligible 
to  the  young,  withput  offending  the  taste  of  the  more 
mature. 

In  preparing  the  questions  for  exercising  the  learner, 
the  same  view  has  been  maintained  which  guided  our 
Idnnirs  in  thefiratpart  of  this  work*  We  are  farfrom  con^* 
sidering  questions  unimportant,  whether  we  regard  them 

in  reference  to  classes  in  schools,  to  family  circles,  or  to 
private  students.  The  chief  inquiry,  in  relation  to  their 
usefulness,  seems  to  be,  whether  they  are  such  as  a  well 
qualified  teacher, familiar  with  his  subject,  would  propose 
to  his  scholars.    We  leave  competent  persons  in  the 

Srofesaion  to  answer  the  inquiry,  with  regard  ta  this 
ivision  of  our  labour;  nberely  premising,  that  though 
a  vast  majority  of  teachers  probably  prefer  works  fur- 
nished with  ttiis  subsidiary  to  their  instructions,  yet 
that  such  as  may  deem  ttieir  own  questions  more 
appropriate,  or  more  intelligible  to  their  pupils,  than 
those  of  the  editor,  will  not  lie  under  any  necessity  of 
resorting  to  these^  and  it  is  certainly  anticipated  that 
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mme  will  content  HiemaelTes  with  tbe  exdusive  Me  of 

the  latter.  Very  many  of  the  questions  are  designed 
merely  to  furnish  topics  arising  out  of  important  truths  or 
suggestions  contained  in  the  text,  on  which  the  familiar 
dissertations  of  the  teacher  may  be  founded;  and  if  he 
avail  himself  of  the  works  named  at  the  end  of  each 
treatiseyhifl  oral  explanations  will  possess  a  freshneaaand 
intereat  more  captivating  to  the  acbolar  than  the  page* 
of  any  volume,  nowever  learned  or  well  written. 

The  diatineuiahed  favour  with  whick  teachera  hare 
received  the  first  part  of  the  Scientific  Class  Book/' 
has  stimulated  us  to  endeavour,  and  encouraged  us  to 
hope,  that  the  present  volume  may  not  be  found  less 
worthy  than  its  predecessor^  of  their  regard  and  accept- 
ance. 
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CHEMISTRY. 

.  1.  fCwMimY  is  the  art  whereby  tAfc^ound  bodies  are  chaofed 
into  simple  ones,  or  simple  ones  into  compouDds.  )  The  former  of 
these  processes  is  called  Analysis  or  Decomposition,  and  the  lat- 
ter Synthesis  or  Composition.  a  science,  it  is  the  province 
of  Chemistry  to  determine  the  chemical  relation  of  simple  bodies, 
and  the  structure  and  chemical  relations  of  compounds.  Few 
of  the  operations  of  Chemistry,  which  are  employed  for  the 
attainment  of  these  objects,  ^^are  either  purely  analytic  or  syn- 
thetic ;Ja  combination  of  these  methods  generally  taking  place  in 
the  processes  of  the  chemist.  •  * 

1^.  Different  kinds  of  matter  which  are  the  objects  of  Chemistry* 
possess  certain  active  properties,  (such  as  gravity  or  weight, 
cohesion,  elasticity,  expansibility,  magnetic  attraction,^  &c.  All 
{these  properties  arc  but  so  many  different  modifications  of  attrac- 
tion and  repulsion.^  Action,  either  attractive  or  repulsive,  takes 
place  between  bodies  situated  at  various  distances  from  each 
other,  ^hus  the  attraction  of  gravitation  operates  at  indefinite 
and  immense  distances ;  while  the  attraction  of  cohesion  affects 
4ie  particles  of  bodies  only  when  placed  in  apparent  conlactO 
ftepulsive  action  also  takes  place  at  different  distances.  Thus 
repulsion  between  bodies  which  have  been  snbjeeted  to  the  in- 
^  fluence  of  electricity  or  magnetism  is  sufficiently  obvious  to  the 
sight;  and  that  electric  or  mairnetic  substances  which  repel  each 
other  do  not  touch,  may  easily  be  perceived.  The  expansive 
power  of  heat,  on  the  other  hand,  probably  affects  particles  of 
V   matter  nearly  in  contact  with  each  other.  , 

3.  I'he  various  phenomena  which  constitute  the  objects  of  Che- 
mistry, depend  on  the  operation  of  those  modifications  of  attrac- 
tive and  repulsive  force,  \^hich  act  on  particles  of  bodies  placed  al> 
insensible  distances  from  each  other,  and  are  so  minute  as  not  to 
be  cognizable  by  our  senses*  even  when  asssisted  by  the  most 

powerful  mafrnifyingr  glasses.  " 

4.  There  are  two  species  of  attraction  which  affect  particles  of 
matter  when  in  apparent  contact :  l.VThe  Attraction  of  Aggrega- 
tion, or  Cohesion ;  3.  The  Attraction  of  Compositio^.  These 

What  it  the  office  of  chemistry,  considered  ai  an  sit  f 
'  IIqw  extensive  is  its  province  ai  a  science  ? 

By  what  two  methods  are  its  purposes  effected  ? 
What  are  some  of  the  active  properties  of  matter  by  which  its  chemical 
chanf  ee  are  produced  f 
What  is  the  true  nature  of  these  piopertiest 

What  is  the  difference  between  gravhation  and  cohesive  attraction? 
Under  wliat  different  circumstances  is  the  repulsive  action  of  bodies 
^.  exercised  f 

On  which  modification  of  atlMtive  and  repnisive  fiwces  do  clieaiieal 

changes  depend  I 
How  many  kinds  of  contiguous  aitracUon  exist  in  matter  t 
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powers  botli  give  way  to  tlie  repulsive  action  of  heat:(but  the  for- 
mer may  also  he  overcome  by  mechanical  force,  which^as  do  ef- 
fect on  the  latter.j 

5.  The  Attraction  of  Aggregation  operates  differently  on  different 
bodies,  80  &8  to  produea  the  various  degrees  of  cohesive  force  or 
eoDsistenee  obsenrable  among  them,  ^^e  forais  nnder  wbich  bo- 
dies appear  are  reducible  to  three  classes,  viz. :  Solids,  Liquids, 
and  Gases  or  Airs^  These  modifications  of  matter  are  infloeneed 
by  the  operation  of  mechanical  pressure,  and  the  expansive  force  ot 
heat,  which  seem  to  act  as  antagonist  powers  to  each  other. 
Some  kinds  of  matter  are  capable  of  existing  either  in  a  solid,  li- 
quid, or  gaseous  state,  under  different  deg^rees  of  atmospherical 
ressure  and  temperature^  vThus  water,  by  the  abstraction  of  heat, 
ecomes  changed  to  ice ;  by  the  addition  of  heat^  it  is,  on  the  other 
hand,  diangedto  vapour ;  and  that  idtange  is  fiieilitated  or  impeded 
by  lessening  or  increasing  the  atmospherical  pressure.  Mereurj 
and  several  other  substances  exhibit  analogous  phenomena^ 

6*  Many  bodies,  however,  commonly  exist  under  only  one  or  two 
forms  of  aggregation.  '  Common  air  and  other  bodies,  distin- 
guished from  vapours  by  the  designation  of  permanent  jrases,  were 
formerly  supposed  to  retain  the  gaseous  forms  under  all  circum- 
stances ;  but,  from  the  experiments  of  Dr.  Faraday  and  Mr.  Per- 
kins, it  appears  that  atmospiieric  air,  carburetted  iiydrogen,  sul- 
phoietted  hydrogen,  sulphiuous  acid,  carbonic  acid,  protoxide  of 
iUoiine,  nitrous  oxide,  cyanogen,  ammonia,  muriatic  acid,  and 
•  chlorine,  all  which,  under  common  temperature  and  pressures,  are 
permanent  gases,  may  be  condensed  to  the  liquid  state  by  the  » 
ioint  operation  of  intense  cold  and  powerful  compression.  How- 
ever, oxygen,  hydronrpn,  and  some  other  gases  nave  hitherto  re- 
sisted all  attempts  to  reduce  them  to  the  liquid  state.*  Several 
dense  solids,  as  lead  and  glass,  are  readily  melted  by  heat ;  but 
there  are  others,  as  wood,  which,  though  speedily  decomposed, 
when  heated  with  access  of  air,  cannot  be  houefied.  cThe  facts 
already  stated,  and  others  which  might  be  adauced,  still  lead  to 
the  conclusion,  that  the  solid,  lii|uid,  and  gaseous  states  of  bodies 
depend  chiefly  on  their  respective  relations  to  temperature-  and 
pressure ;  and  therefore  the  distinctions  founded  on  those  states 
or  forms  of  matter  do  not  furnish  sufficient  grounds  for  general ar^ 
rangements  of  bodies  in  separate  classes* 

Which  of  these  is  ovcrcom©  by  mechanical  means  ? 

By  what  cauBcs  arc  the  three  furms  of  matter  chiefly  influenced  ? 

Give  tome  etaniples  of  variable  Ibnns  in  matter. 

What  changes  or  lonn  may  be  mentioned  as-Miiely  doe  to  the  eflact  of 

caloric  ? 

In  what  instances  does  the  chemical  change  of  solids  take  place  without 
Uraefaetkm  ? 

To  what  causes  aie  we  hence  led  to  teier  the  seveial  ehanget  in  the 
forms  of  matter  ? 


*  See  Scientific  Clam  Book,  pK  i.  p.  180. 
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Some  writmhftTetieated  of  tlMdMmiml  properties  of 
or  aifs  as  an  indepeDdenl  braneh  of  science,  under  the  appeliatum 
of  A>6vology;^bvit  the  operation  of  bodies  under  their  differrait 

forms  arp  ro  intimately  blendf^f^,' and  the  condensation  of  gases  is 
80  commonly  the  effect  of  chemical  combinations,  that  it  seems  by 
far  jnost  convenient  not  to  separate  Aerology  from  Chemistry,  but 
to  regurd  it  as  a  subordinate  section  or  subdivision  of  chemical 
science.  \ 

8iln  solid  snd  liquid  snbstances,  the  powers  of  attraction  and  re* 
pilmn  coanlsrbslanee  each  pth« ;  wlule  the  latter  predominates 
m  gaseoos  bodies^  Some  hate  supposed  solidity  to  result  from 
•  the  preponderance  of  the  force  of  attraction  over  the  force  of  repaid 
sion ;  but  this  opinion  seems  incompatible  with  the  well-known 
fact  of  the  expansion  of  water  when  it  becomes  solid.  This  and 
some  other  phenomena  of  a  similar  description,  clearly  show  that 
the  action  of  a  repulsive  force  is  not  less  obvious  in  solids  than 
in  fluids.  They  probably  diiier  more  in  the  arrangement  of  their 
pttrtieles,  than  in  the  manner  in  which  those  partides  axe  united. 

9.\T1ie  peculiar  proWnce  of  Chemistry^  as  might  he  inferred 
from  the  preceding  observations,  ^s  the  study  of  the  Attraction  of 
Composition,  or  the  inTesti|ration  of  the  properties  of  bodies^  not 
as  respects  their  organization,  mechanical  construction,  form,  or 
consistence,  but  with  a  view  to  the  discovery  of  their  molecular 
composition,  or  the  nature  and  mode  of  union  of  their  component 
particles.]  Hence  there  must  necessarily  be  a  wide  distmction 
between  mechanical  and  chemical  combination.  Any  substances  ' 
may  be  mechanically  combined  by  mere  mixture,  which  occasions 
no  destmetion  or  essential  alteration  of  the  sensihle  propMrties  of 
the  mixed  bodies :  for  the  eompovnd  formed  by  the  union  6£  two 
or  more  substances  which  hare  no  diemieal  action  on  each  other, 
will  always  exhibit  their  joint  properties,  modified,  perhaps,  but 
not  destroyed  by  their  commixture.  The  effect  of  chemical  com- 
bination is  very  different,  for  bodies  chemically  united  often 
become  completely  deprived  of  the  peculiar  properties  they 
previously  possessed,  and  manifest  new  and  sometimes  very  ex- 
traordinary powers,  totally  different  from  those  of  t&eir  constituent 
parts. 

ie«  If  water  be  added  to  waler«  or  salt  to  salt,  tiie  tiSoci  is  an 
ioerease  of  quantity,  but  no  change  of  quality.  In  this  case,  the 
mutual  aetioii  of  tiie  particles  is  entirely  mechanical.  A^in,  if  a 
blue  powder  and  a  yellow  one,  each  perfectly  dry,  be  mixed  and 
well  shaken  together,  a  green  powder  will  be  produced  ;  but  this 
is  a  mere  effect  arising  in  the  eye,  from  the  intimate  mixture  of 

» 

In  what  relation  to  chemistry  may  we  properly  consider  the  department 
of  aerology  ?   Why  ? 

What  are  the  relative  intensities  of  mttraotioa  and  of  repulsion  in  loUds, 
liquids,  and  aeriform  bodiee ? 

What  is  the  peculiar  province  of  chemistry  f 

What  is  the  most  imnortant  diflerence  between  bodies  mschanicaHy 
miied  and  those  ehemicaily  combined  ? 
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A»  yellow  and  blue  lislity  Mpmtely  and  independenUy  ralleeled 
from  the  minute  psrtiiHM  of  eaehOand  tho  pmof  is  m  by  ex&> 
minini^  the  mixture  with  a  microscope,  when  the  yellow  and  blue 

grains  will  bo  seen  separate,  and  each  quite  unaltered.  If  the 
same  experiment  be  tried  with  coloured  liquids,  which  are  sus- 
ceptible of  mixinpf  without  chemical  action,  a  compound  colour  is 
likewise  produced,  bat  no  exannination  with  magnifiers  is  in  that 
case  sufficient  to  detect  the  iogredients;  the  reason  obviously  be- 
ing, the  exoiMlye  tnimttenete  of  the  perte,  and  their  perfeet  inter- 
muctnre,  jprodnoed  by  agitating  two  liquids  together. 

11.  From  tfie  inixtaie  of  two  powderSy  extreme  patience 
would  eitthle  any  one,  by  picking  out  with  a  ma^fier  grain  after 
grain,  to  separate  the  ingredients.  But  when  liquids  are  mixed, 
no  mechanical  separation  is  any  longer  practicable  ;  the  particles 
are  so  minute  as  to  elude  all  search.  Yet  this  docs  not  hinder  us 
firom  regarding  such  a  compound  as  still  a  mere  mixture,  and  its 
properties  are  accordingly  intermediate  between  those  of  the  li- 
quida  nixed.  Bat  thia  6  nur  from  hektg  the  eaae  with  ail  liquide* 

19«  ^When  a  eolation  of  potash,  for  example,  and  another  of 
tartarie  a^,  eaoh  perfeetlT  nauid,  are  mixed  together  in  proper 
proportions,  a  great  quantify  ot  solid  saline  substance  falls  to  the 
nottom  of  the  containing  vessel,  which  is  quite  different  from  pot- 
ash or  tartaric  acid,  and  the  liquid  from  which  it  subsided  offers 
no  indications  by  its  taste  or  other  sensible  qualities  of  the  ingre- 
dients mixed,  but  of  something  totally  different  from  either.  It  is 
evident  that  this  is  a  phenomenon  widely  different  from  that  of 
mere  mixtare ;  there  liaa  taken  plaoe  agveat  and  radieal  ehange 
in  the  intimate  natore  of  Ihe  ingrediente,  hf  wliioh  a  new  eaV 
atanoeia  prodaeed  iHiieh  had  no  existeneeliefoxe ;  and  it  has  been 
prodaced  by  the  union  of  the  ingredients  presented  to  each  other, 
for  when  examined,  it  is  found  that  nothing  has  been  lost,  the 
weight  of  the  whole  mixture  being  the  sum  of  the  weights  mixed. 
Yet  the  potash  and  the  tartaric  acid  have  disappeared  entirely, 
and  the  weight  of  the  new  product  is  found  to  Jae  exactly  equal  to 
that  oi'  the  tartaric  acid  and  potash  employed,  taken  together, 
abating  a  small  portion  held  in  solution  in  the  liquid,  whi<3i  may 
be  obtained  howeter  by  eraporatioa*  They  haTe  therefore  eom- 
bined,  and  adhere  to  one  another  with  a  ooheeiye  foree  sufficient 
to  form  a  aolid  oat  of  a  liquid ;  a  force  which  has  been  called  into 
action  by  merdy  preeenting  them  to  each  otiier  in  a  atata  of  aolop 
tion."* 

How  does  it  appear  that  blue  and  yellow  powden^  producing  a  green 
mixture  retain  ttetr  respective  qnalitiesf 

In  what  respect  doea  the  case  of  two  coloured  liquids,  suBceptible  only 
of  mixture,  and  not  of  chemical  composition,  difier  (torn  that  ot  two  pow« 
den? 

Give  an  example  of  an  enllfe  diange  of  properties  in  two  liquids  by 
their  mutual  actioiis  when  mixed  together. 


*  UeracheU'i  Diacoune  on  the  Study  of  listural  f  hihwophy,  pp  897,  m 
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13.  Am  it  is  Uie  objael  of  Cliemiiitiy  to  determine  the  oomposition 
of  different  substances,  (therefore  if  we  could  xeduce  all  bodies  to 
their  elementary  principles,  and  discover  the  proportions  in  which 
these  principles  must  be  combined  in  order  to  recompose  such  bo- 
dies, the  science  of  Chemistry  would  be  complete.  1  This,  how- 
ever, is  far  from  beintr  the  case,  notwithstandiiio;  the  extraordinary 
discoveries  that  have  rewarded  the  labours  of  those  philosophers 
who  have  paid  attention  to  this  important  branch  of  knowledge. 

14.  Bat  though  we  allow  that  mneh  remidaa  to  be  aohieyed  by 
fbtne  experimentalists  ere  Chemistry  can  be  said  to  make  any 
near  approaches  to  perfection, l^yet  it  mast  be  admitted,  that  the 
improvements  which  have  taken  place  in  this  science  in  our  own 
times  are  of  no  common  importance,  since  its  first  principles  have 
been  fixed  on  the  firm  basis  of  experiment,  and  a  luminous  sys- 
tem, founded  on  facts,  has  superseded  those  obscure  and  hypo- 
thetical speculations  which  occur  in  the  writings  of  the  older 
chemical  authors.  > 

15.  (Among  the  most  important  dIacoTeries  of  modem  pbiloso* 

Shers,  Ve  may  reckon  those  which  relate  to  that  inhersKt  ten* 
ency  which  matter  possesses  to  form  new  combinations.  This 
property  of  matter  ffives  rise  to  many  of  those  operations  of  nature 
which  we  view  without  surprise,  only  because  they  are  common  ; 
and  it  is  not  less  concerned  in  several  of  the  most  striking  and  ex- 
traordinary phenomena  of  nature  and  art.  Thus  when  we  procure 
light  or  heat  by  burning  any  combustible  substance,  as  for  instance 
wood,  chemicu  yetion  takes  place  between  tiie  hiilammable  mat* 
ter  containsd  in  ttie  wood*  ana  part  of  the  air  of  the  room  in  which 
the  wood  is  baraed;  in  consequence  of  which,  a  new  kind  of  air 
is  formed,  the  greater  part  of  which  flies  off  with  the  smoke. 
The  respiration  of  animals  affords  another  instance  of  chemical  , 
action.  When  air  is  taken  into  the  lungs,  a  part  of  it  combines 
with  something  which  separates  from  the  blood ;  in  conse- 
quence of  which  combination,  the  air  becomes  altered  in  its 
properties,  as  must  be  obvious  to  every  one  who  considers  that 
the  ntmosphere  of  a  crowded  apartment,  not  properly  venti* 
lated,  is  soon  rendered  so  noxtous  as  to  occasion  considerable 
inconvenience,  and  even  laintnesB»  to  those  whc^  constitutions 
are  delicate. 

16.  On  taking^  a  survey  of  the  various  bodies  around  us,  we 
may  observe,  that  some  among  them,  which  we  reckon  inert,  be- 
cause from  the  inflnMice  of  habit  or  oth*^:  ^auses  they  make  but  a 
slight  impression  on  our  senses,  are  yei  endowed  witii  active 
poweis  or  properties,  which  render  them  capable  of  producing  fs* 

What  power  might  enable  diemiafa  to  render  their  icience  complete  f 

What  con<^titntrs  the  chief  fuflerencs  between  Uie  ehemittiy  of  modem. 

and  that  of  ancient  times  ? 

What  chemical  principles  may  be  considered  as  among  the  moflt  iaa- 
portant  diicoveriefl  of  modern  philosophers  ? 

How  nre  thof^p  principles  exemplified  in  the  operations  Of  natttfS I 

How  may  their  operation  be  madf^  sensible} 
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Tnarkuble  eliaiigas  in  other  bodies.  Thus  water,  which  is  inetpid 
to  the  tongue,  mod  which  in  its  operation  on  Uring  amniala  and 
▼egetablea  acta  slowly  and  almost  imperceptiblyy  will  yet,  if 
placed  in  oontact  with  a  lump  of  salt  or  sugar,  speedily  reduce 
either  from  thp  solid  to  the  liquid  state.  Atmospheric  air,  thoagh 
it  is  necessary  for  the  pupport  of  animal  and  vegetable  existence, 
and  gives  rise  to  scarcely  any  sensations  but  such  as  depend  on 
variations  of  tcniperaluro,  yet  this  widely-extended  gaseous  body 
by  its  union  with  other  substances,  sometimes  produces  the  most 
Striking  phenomena.  Thus  the  explosion  of  flio-daoip  in  coat- 
mines  can  only  happen  wheii  the  InflBmnimbla  gas  so  caUed,  k 
mixed  with  a  certain  portion  of  oommon  air. 

17.  ;^ One  of  the  most  obvious  modes  of  diatineiiiahiDg  bodies  is 
that  which  depends  on  their  different  degrees  ofdensity ;  whence 
the  arrangement  of  substances  into  the  respective  classes  called 
solids,  liquids,  and  gases,  already  noticed.  But  these  distinctions 
cannot  be  advantageously  employed  as  the  basis  of  a  chemical 
classification  of  natural  bodies,  for  reasons  which  have  been  al- 
ready stated.  Hence  some  other  mode  of  dtailrimination  and  ar- 
rangementbecomes  re<imsite,  and  such  a  one  may  be  most  properly 
denved  from  considering  the  chemical  relations  of  different  fcin<jLB 
of  mattery  and  the  pro^uets  derived  from  their  action  on  eeah 
other., 

18.  There  arc  some  bodies  which  by  no  known  mode  of  treat- 
ment, without  addition,  can  be  made  to  form  more  than  one  species 
of  matter;  for  however  they  may  be  divided  or  subdivided,  eacli 
particle  still  possesses  the  same  chemical  properties  with  the 
common  mass,  from  which  it  was  taken.  Xhere  are  comparatiToly 
but  few  bodies  presented  to  us  by  natdre  in  <9iis  isolated  state ; 
among  the  number  may  be  mentioned,  as  examples,  gold  and  tha* 
diamond.  I  These,  together  with  all  other  hitherto  undecomposed 
bodies,  must  in  the  present  state  of  chemical  science  be  considered 
as  (elementary  or  simple  substances.  Were  it  practicable  to  pro- 
cure and  exhibit  all  the  elements  of  bodies  in  a  detached  form, 
and  to  trace  the  various  compounds  resulting  from  their  union. 
Chemistry  would  have  attained  perfection,  and  no  object  of  in- 
quiry would  remain  for  future  experimentaliate.  But  notwith* 
standing  the  great  acquisition  of  knowledge  deriyed  ftom  the  dis- 
coveries of  our  contemporaries,  they  have  by  no  means  enabled 
us  to  determine  the  boundaries  of  the  field  of  science,  hut  merely 
to  form  some  conjectural  ideas  concerning  its  vast  extent. 

i^,  Uo  oorrept  g;eneral  knowledge  of  Uie  nature  and  properties 

How  may  we  Illustrate  the  chemical  efficacy  of  natural  Bubstances  gene- 
rally  »uppo8ed  inert  ?  ^ 
What  It  one  of  the  read  iest  modee  of  d  wtingaighlnff  bodies  t 
On  whnt  nre  the  discrimiaation  and  snangement  of  bodies  for  chemical 

purposes  to  ho  foundod  ? 

What  is  tlte  natural  state  of  most  bodies  in  reffard  to  their  <K>mp»iition  ? 

What  exceptions  arv  Ibnnd  to  the  general  law  in  regard  to  a  distinct 
and  isolated  conditioal 
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of  (Ilfferent  substances  can  be  acquired  without  instituting  compari- 
sons  between  them,  whence  we  may  discover  the  Tarious  points  of 
stmiUtade  or  coatmst  amonj^  tlieni,  which  wUl  enahle  ns  to  arrange 
them  la  groaps  or  claaaea,  bearing  certain  relations  to  each  other. ) 

30.  For  the  purposes  of  ctiemical  inquiry,  the  most  obvionsly 
eoniFenicnt  arran^ment  of  bodies  is  that  in  which  they  are  classed 
accordin^T  to  their  com  position  J[placing  the  simple  bodies  first  in 
order,  and  then  the  compounds  surising  from  the  mioos  combina* 
tions  of  the  former.^) 

21.  According  to  the  ancient  philosophers,  the  simple  bodies  or 
elementary  principles  from  which  all  the  varieties  of  matter  are 
•  eonq^otedowere  bat  four,  namely.  Fire,  Air,  Water,  and  Earth. *) 
This  nottonrttfter  having  for  ages  formed  a  part  of  the  creed  of 
the  learned,  has  been  completely  exploded  bythe  Ught  of  modern 
science,  though  It  is  not  yet  extinrt  amon^  the  vulgar.  .The 
alchemical  writers  of  the  middle  ages  added  to  these  principles 
some  others,  as  Salt,  Sulphur,  and  Mercury  ;  ^to  which  terms, 
however,  they  attached  ideas  very  dilforent  from  those  that  belong 
to  them  at  present,  and  into  the  ualura  of  whicli  we  shall  not  stop 
to  inquire. 

S9.  Some  of  the  alleged  elements  of  the  older  ohemists  are  now 
known  to  exist  only  in  imagination,  and  others  arc  ascertained  to 
be  by  no  means  simple  substances:  thus  air  is  found  to  consist  of 

two  different  elastic  fluids  or  gaseous  bodies,  which  may  be 
separated  by  various  processes,  and  exhibited  apart  from  each 
other.  Water  also  has  been  ascertained  to  be  a  compound  which 
may  be  analyzed  or  decomposed,  so  as  to  produce  two  distinct 
kinds  of  gas,  which  may  be  separately  collected,  and  when  again 
mixed  together  in  proper  proportions,  they  may  be  made  to  form 
water  by  Hieir  nnion.J 

93*  Other  bodies,  formerly  esteemed  simple,  have  yielded  to 
the  analytical  processes  of  modern  chemistry  ;  but  there  is  a  oer- 
taln  number  of  substances  which  either  in  the  state  in  which  they 
are  presented  to  us  by  nature,  or  as  they  are  procur»^d  in  various 
operations  by  art,  have  hitherto  resisted  all  attempts  at  further  de- 
composition, and  which  therefore,  as  before  stated,  must  be  re- 
garded as  simple  substances.  'Their  number  is  not  very  great, 
amoanting  to  alboat  fifty-four,  and  it  is  not  unlikely  that  the  niture 
leseanhes  of  chemists  nsay  demonatrale  some  of  these  bodies  to 
be  Gompoands;)at  Ihe  same  time»it  is  probable  that  additions 
may  be  made  to  the  class  of  elementary  snbstancea  in  conseqnence 

Row  is  a  eonect  knowledge  of  the  nature  and  piopertiM  of  bodies  lo  be 

acquired  ? 

In  what  order  in  it  moai  convenient  to  arrange  bodies  ibr  chemical  pur- 
poseif 

ITow  many  Birople  hodies  were  admitted  by  tho  aneionts  ? 
•      What  additions  to  the  number  were  made  by  the  alchcmisU  ? 

What  has  modem  science  proved  ia  regard  to  the  supposed  elementtuy 
character  of  air  and  water  f 
What  nuialer  of  bodies  aie  now  eontidefed  simple  f 
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of  future  discoveries,  several  of  those  now  admitted  into  this  class 
having  become  known  to  us  but  very  recently. 

24.  Some  of  these  elementary  bodies  are  widely  and  abundant- 
ly dispersed  throughout  the  three  kingdoms  of  nature,  either  alone 
or  in  a  state  of  composition,  while  others  appear  to  be  of  very 
rare  occurrence,  or  at  least  they  have  hitherto  been  met  with  only 
in  small  quantities  and  in  a  few  situations.  The  whole  of  the 
elementary  substances  may  be  arranged  in  two  divisions  :  the  first 
comprehending  those  which  are  not  of  a  metallic  nature,  the  entire 
number  of  which  now  known  amounts  to  only  thirteen;  the  re- 
maining forty-one  elementary  bodies  are  all  regarded  as  metals, 
though  some  of  them  exhibit  properties  differing  considerably 
from  those  which  characterize  gold,  silver,  mercury,  lead,  iron,  and 
other  bodies,  to  which  the  designation  of  metals  was  originally 
applied. 

26.  The  following  table  exhibits  a  list  of  all  the  elementary  or 
simple  l)odie8  hitherto  discovered,  divided  into  these  two  classes, 
namely,  the  non-metallic  elements  and  the  metals  ;  to  which  are 
annexed  the  names  of  those  chemists  by  whom  they  were  dis- 
covered, or  by  whom  their  elementary  nature  was  first  ascertained, 
and  the  date  of  the  discovery. 

TABLE  OF  SIMPLE  SUBSTANCES. 


].  Non-metallic  Elements, 


1  Oxygen  . 

2  Chlorine  . 

3  Iodine  .  . 

4  Bromine  . 

5  Fluorine  . 

6  Hydrogen 

7  Nitrogen 

8  Carbon 

9  Boron  .  . 
Silicon  . 

Il"^  Phosphorus 

12  Sulphur 

13  Selenium  . 


and 


Discoverers. 

Dr.  Priestly,  1n  England  ; 
Scheele,  in  Sweden 

Scheele,  in  Sweden    .  . 

Courtois,  in  France    .  . 

Balard,  in  France   .    .  . 

Properties  first  accurately  investi 
gated  by  Scheele ;  but  it  has  never 
been  exhibited  in  a  separate  state 

Cavendish,  in  England    .  . 

Dr.  D.  Kutherford,  in  Scotland 

Sir  H.  Davy,  in  England 
Berzelius,  in  Sweden      .  . 
Brandt,  at  Hamburgh      .  . 

Berzelius,  in  Sweden      .  . 


Date  of 
Discovery 

1 1774 

1774 
1811 
1826 


1766 
1772 

1807 
1824 
16G9 

1818 


Into  how  many  and  what  divisions  are  simple  bodies  at  present  distin 
guished  ? 

What  is  the  number  of  non-metallic  elements  ? 

By  whom  and  at  what  period  was  the  existence  of  oxygen  discovcreil  ? 
Bromine  ?  Chlorine  ?  Iodine  ?  Nitrogen  ?  , 
Who  investigated  the  properties  of  fluorine? 

Who  discovered  hydrogen?  Carbon?  Boron?  Silicon?  Phosphorus? 
Selenium  ? 
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TABLE  OF  SIMPLE  SUBSTANCES* 


Date  of 
Diicovery 


14  Potassium 


1807 


Discoverers. 
IL  Metals. 

15  Sodium       :  }  Sir  H.Davy,  in  England 
IS  Lithium  .  .  •  ^  ^  Swedln  """^'^^      Arfvcdson,  in  j  ^^^g 
IT^Barjum 


18  Strontiam 

19  Calcium 

20  Magnesium 

21  Alaminura* 

89  Glaolnnm  • 


. . .  ; 
•  •  •  3 


Sit  H.  Davy,  in  England 


Bussy,  in  France 
Wohler,  in  Gprmany 


1808 

1829 
182S 


•  •  • 


33  Yttriam 

84  Zirooninm 

85  Thorium  • 

26  Cerium  • 
87  TeUivium 


88  Arsenic  •  • 

29  Antimony  . 

30  Chromium  • 

31  Yanadium  « 
38  Uraaium  • 


C  Oxide  discovered  by  VaaqaeUn»  in  7 
<     France  3 
C  Oxide  discovered  by  Gadolin,  1^^1794 
\    Sweden   •  j 

•  Beneliua,  in  Sweden  1834 

.  Berzelina 

•  Bloaander,  in  Sweden  •  •  •  •  1804 
.  Klapxoth,  at  Berlin  1797 

rmears  to  have  been  known  to^ 
Paracelsus,  in  the  16th  century;  I  |.y«« 
but  first  accurately  examined  by  j 
\^    Geo.  Brandt,  in  Sweden    .    .    J  " 

•  Known  to  Basil  Valentine  •    about  1450 

•  Vauquelin,  in  France     •  «   •   •  1797 

•  Sefstrom  and  Bexzelhia,  in  Sweden  1830 

.  Klaprotb,  at  Berlin  1789 

rScheele,  in  Sweden  1778 

33  Molybdennm   <  Reduced  to  the  metallic  state  by  7  ^jq^ 

C     Hielm   5 

34  Tungsten  •  ^  .  MM.  D'Elhnyarts,  in  Spain     .  . 

rOxide  discovered  by  Hatchett,  in 

J     England  ;   and  by  Ekeberg,  in 

'  i  Sweden  

LRedueed  by  Berzeliua    .   •  •   «  1884 
Vauffuelio,  in  France     .   .    •  «  1796 
Known  from  time  immemorial 
Gahn,  in  Sweden  1774 
Berfrman,  in  Sweden  1773 

Brandt,  in  Sweden  1733 

Henckel  mentions  its  reduction  in  1731 
Stromeyer  in  Germany    .    .    ,    •  1817 
Known  from  time  immemorial, 
Do. 
l)o. 


35  Columbium 


1781 


1801 


36  Titaninm 

37  Iron  •  .  * 

38  Manrraneee 

39  Nickel  , 

40  Cobalt  .  . 

41  Zinc  .  .  . 

42  Cadiuium  . 

43  Lead   •  •  1 
44 'Tin  .... 
45  Copper 


.  « 


What  raotaliic  bodies  have  been  discovered  by  Sir,  H.  Davy  ?   By  what 
philoflopher  was  aluminum  dnoovered  ?  How  early  wat  anenic  l^wn  t 
Which  of  the  metals  have  been  known  from  the  earliestagesof  hi^Uny  t 
llow  long  bai  zinc  beoa  known  as  n  r]  itinst  u^elul  I 

S-  b2  * 
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caufisTBir. 


Discoverer,.  dSSIS^ 

46  Bismuth  •  •  •  .  Mentioned  by  Gao^  Agrioela    about  1530 

47  Mercury  •  •  •  •  Known  from  time  immauMMrtal. 

48  Silver   "  Do. 

49  Gold    Do.  ^ 

50  Plutina  .  .  .  {^^j^l^liJ^'"''^'  Assay-master  inji^^j 

51  Palladium  •  •  «       Wollaston,  in  England  •   •   •  1803 

52  Rhodium.  •  »  •  The  same  1804 

MCtoZ:::  iTenant,  in  England  X803 

S7«  As  some  of  Uiese  elementary  bodies  enter  into  the  eompoei- 
tlon  of  a  Tast  variety  of  substances  of  common  occurrenoot  and 

as  it  is  impossible  intelligibly  to  describe  chemical  phenomena 
without  the  frequent  mention  of  them,  or  allusion  to  their  proper- 
ties and  modes  of  action,  some  short  notices  of  them  may  here  be 
advantageously  introduced,  previously  to  a  review  of  the  laws  of 
chemical  affinity,  and  a  more  extensive  description  of  the  simple 
bodies  in  general,  and  of  the  most  important  eompounde  arisug 
from  ^ir  relattva  action  upon  eaeh  other.  W«  shall  thus  avoid  the 
neeessi^  of  repeated  ezplanatiotta  of  the  natuie  of  these  bodies  eaeh 
lime  they  are  mentionedf  or  the  still  greater  ineouTenience  of 
referring  to  the  properties  and  effects  of  substances  with  which 
the  reader  may  be  supposed  to  be  unacquainted. 

28.  Among  the  thirteen  non-metallic  elements  there  are  some 
which  at  all  common  temperatures  exist  only  in  the  gaseous  slate, 
while  the  others  at  moderately  low  temperatures  are  solids.  The 
iiret  and  most  important  of  the  elementary  bodies  is  that  called 
l\)xvGeN,  from  two  Greek  woidSf  denoting  the  power  of  producing 
aeidBf  because  it  was  ^nnerly  thought  to  be  the  universal  acidify- 
ing principlcy  though  it  is  now  known  that  there  are  many  acids 
in  which  oxygen  is  not  contained.  One  of  the  grand  characteris- 
tic properties  of  this  gaseous  element  is  that  of  being  ^  most 
powerful  supporter  of  combustion,  so  that  most  inflammable 
bodies  burn  in  it  rapidly  and  brilliantly. )  Its  more  peculiar  pro- 
perties will  be  subsequently  described ;  and  we  shall  only  add 
here^hat  it  unites  with  all  other  elementary  substances  (except 
possibly  fluorine),  and  with  many  of  them  in  various  proportions* 
S0«  NmoesH  or  Aaoru  is  also  a  pseons  body«  the  mixture  of 
which ipnth  oxygen  in  certain  fmiportions  constitntes  atmospheric 
or  common  air.  ^  The  name  azote,  derived  from  the  Greek,  im- 
plies its  being  improper  for  the  purpose  of  respiration,  as  animals 
confined  in  this  gas  soon  die^  It  is  therefore  owing  to  the  oxygen 

By  whom  and  at  what  period  WM  platina  discovered  ?  In  what  two 
states  do  the  non-metallic  bodies  exist?  What  is  the  origin  of  the  term 
oxygen  ?    What  is  one  of  tlie  characteristic  properties  of  oxygen  ? 

How  extensive  w  its  power  of  combining  wilh  other  elementaiy  bodies  f 

In  what  stale  does  nitrofren  exist  ? 

Into  what  well  known  fluid  does  it  enter  as  a  constituent  ? 
Why  it  it  ealled  az(»te  I   Whence  is  the  term  nitro,^^  derived  f 
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contained^in  atmospheric  air  that  it  is  capable  of  supportit*^ 
life,  for  none  of  the  higher  classes  of  animals  can  exist  lon^  , 
kind  of  mir'irbieh  does  not  e(A>lain  oxygen* 
'  30.  The  tenn  Nitrogen  hae  been  applied  to  the  gas  now  nndc 
notice,  in  consequence  of  its  being  found  to  be  a  constituent  part 
of  ^itric  acid^or  as  it  iB  ynlgarly  called,  aqua  fortis,  which  is  a 
chemical  compound  containing  a  very  large  proportion  of  oxyg-ea 
united  to  the  nitrogen.  There  are  also  other  compounds  of 
oxygen  with  nitrogen,  among  which  may  be  mentioned  that 
sometimes  called  nitrous  oxide,  and  which,  though  it  contains 
more  oxygen  than  atmospheric  air,  may  yet  be  breathed  for  a 
time  with  safety ;  but  it  produces  yeiy  remarkable  effects  when 
Hm  nsed,  generally  oeeasionin^  a  state  of  excitement  somewhat 
similar  te  that  cansed  by  drinking  wine  or  spirits,  and  hence  it 
has  been  popularly  named  intoxicating  or  laughing  gas.  (Nitrogen 
enters  largely  into  the  composition  of  most  lunds  of  animal^ 
^matter.  ^ 

31.  Hydrogen  is  likewise  a  gas,  being  that  which  when 
combined  with  oxygen  forms  water,  as  its  name,  which  is  derived 
from  the  Greek,  implies.  )^jt  was,  when  first  discovered,  called 
phlogiston,  and  inflaamiible  air.^  formev  of  thte  term 
was  attached  to  it  in  consequence  of  an  erroneous  opinion,  at  one 
Plpod  generally  adopted  by  chemistsjlbat  all  metals  were  com- 
posed of  various  kuds  of  calces  or  earths,  each  respectively 
united  to  an  inflammable  principle  named  ph^ntriston.  Now  as  it 
was  observed  that  when  any  metal  becomes  dissolved  in  a  diluted 
acid,  as  when  iron  or  zinc  are  thus  treated  with  sulphuric  acid 
and  water,  inflammable  air  was  always  given  off  durinp^  the 
process,  it  was  conjectured  that  the  air  in  question  was  derived 
nrorn  the  metal ;  thonefa  it  is  now  known  that,  in  the  ea^  |uo* 
posed,  it  arises  from  the  decomposition  of  the  water  with  which 
tiie  acid  is  diluted^  and  that  Uus  sort  of  air  never  makes  its 
appearance  in  the  coarse  of  suofa  metallic  solutions,  unless  water 
or  some  other  body  containinjy  hydrogen  be  present.  'This  gas, 
though  highly  inflammable  when  mixed  with  oxygen,  and  some 
other  simple  and  compound  gases,  yet  is  incapable  of  supporting 
combustion,  for  if  a  burning  body,  as  a  lighted  candle  or  match, 
be  introduced  into  it,  the  flame  will  be  immediately  extineruished. 

33.  Hydrogen  enters  into  combination  with  most  other  snb« 
stances,  producing  many  remarkable  compounds,  ndleng  which 
may  be  mentioned  that  formed  by  its  nnion  with  nitrogen;  thOv 
result  of  which^  an  alkaline  gas,  formerly  called  volatile  alkali,/ 

In  what  other  iorm  betides  that  of  atmoipheric  air  may  nitrogen  be 

inhaled  ? 

Into  what  elaas  of  organised  bodiea  does  nitrogen  enter  ? 

What  is  the  meaning  of  the  word  hydrogen  ? 

By  what  name  was  it  called  at  the  time  of  its  discovery 

From  what  error  did  thia  application  of  the  name  phlogiston  proceed  ? 

What  more  recent  obaenration  hai  enabled  cbemiits  to  cornet  the  eiior  f 

IVhat  m  the  power  of  hjrdrogen  in  rofavd  to  conibuationf 
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and  now  ammonff!.    Tin's  compound  which  ni  common  tempera- 
tures exists  only  in  the  state  of  gas,  is  rapidly  absorbed  by  water  • 
or  spirit  of  wine,  communicating  to  it  a  peculiar  puiicrent  odour, 
with  which  most  persons  are  familiar,  as  belonging  to^spirit  of 
hartshorn  and  smelling  salts.  \ 

33.  Chlohinb  is  the  last  of  mnmple  bodies  existing  in  a  gaseous 
state  at  common  temperatures b«t,  wbile  those  already  mentioned 
are  not  only  transparent  but  colourless,  this  eas  exhibits  a  yellow- 
ish-green tint,  whence  its  name  clilorine**  (Jt  was  originally 
tained,  by  Scheole,  from  the  decomposition  of  muriatic  acid,^  or 
spirit  of  salt^  in  which  he  found  it  combined  with  hydrogen,  then 
called  phlogiston  ;  and  therefore  he  gave  to  the  newly-obtained 
gas  the  name(of  dephlogisticated  marine  acid.)  'It  was  subse- 
quently supposed  to  be  a  compound  of  uiuriatic  acid,  and  oxygen  ^ 
buti^ir  H«  Davy  ^certained  its  real  nature,  and  gaw  it  its  piesenft  ' 
name.  / 

34.  Chlorine  unites  with  many  other  aimple  and  conqMrand* 
bodies,  forming  with  several  of  them  adds;  and  in  other  respects 
it  exhibits  chemical  properties  analogous  to  those  of  oxygen, 
being  like  that  gas  a  supporter  of  combustion,^  lit  is  largely  dis- 
persed throughout  nature,  but  always  in  a  state  of  coonbination, 
as  in  sea-water  and  rock-salt,  or  that  procured  from  brine  springs, 
in  which  it  is  united  with  the  metal  sodium.^  This  gas  is  by 
means  adapted  for  respiration,  and  when  mixed  with  mueh  atmos- 

Sherie  air  it  still  proves  highly  irritating,  provoking  cough  and 
efluxion  from  the  nostrils.  As  it  combines  rapidly  with  many 
other  gases.  It  has  been  found  useful  to  purify  air  loaded  with 
infectious  miasmata.)  It  is  on  this  account  that  the  chloride  of 
lime,  in  solution,  is  used  to  sprinkle  the  floors  and  walls,  of 
rooms^  and  to  purify  clothes  and  other  articles,  which  have  been 
tainted  by  putrid  or  infectious  vapours.  Chlorine  has  also  a 
powerful  effect  in  destroying  vegetable  colours,  and  the  ciiloride 
of  lime  is  therefore  extensively  used  in  the  process  of  blenching 
linen  cloth  and  other  subManees. 

35.  The  four  preceding  bodies,  oxygen,  hydrogen,  nitrogen, 
and  chlorine,  exist  at  common  temperatnies^  and  piessnies  only 

What  may  be  mentioned  as  among  the  rcmaTkaUe  compoonds  of  hy 

drogen  ? 

By  what  properties  is  that  compound  familiarly  known  ? 

what  methoa  was  employed  by  Scheele  Ibr  procuring  chkrine  f 

What  name  did  he  apply  to  it  ? 

What  was  afterwards  supposed  lo  be  its  nature  ? 

Who  investigated  its  character  and  gave  it  the  present  name  ? 

What  propertiei  does  it  exhibit  in  eonunon  with  oxygeal 

How  does  ehlorine  exist  in  nature  ? 

What  are  among  its  remarkable  properties  t 


*  Chlore  in.  French, — trom  the  Greek  x^^^c^t,  the  green  colour  of  young 
kgrbage. 
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as  gas.   (Skere  are  o^er  tohstanbes,  as,  for  instance,  carbon 

(charcoal)Vtmd  the  more  rare  bodies,  called  silicon  and  boron, 
which  are  found  only  in  the  solid  state 9  and  some,  like  iron  and 
most  of  the  metals,  though  usually  solid,  become  liquefied  at 
respectively  various  temperatures  ;  and  there  is  still  another  class 
of  bodies  capable  of  existing  under  the  three  several  forms  of 
aggregation.  ^Among  these  last  are  sulphur,  phosphorus,  and 
the  snostanees  c^led  bromine,  iodinOy  and  selenium,  which  are 
of  less  frequent  occorrence. 

36.  Carbon  is  a  solid  body,  hitherto  undecomposed  and  there- 
fore supposed  to  be  elementary,!  which  enters  largely  into  the 
composition  of  most  substances  belonging  to  the  animal  and  vege- 
table kingdoms,^and  which  also  forms  the  basis  of  many  of  the 
combustible  minerals,  as  bitumen,  coal,  plumbago,  and  amber. 
In  the  form  of  charcoal,  procured  by  charring,  or  distilling  with- 
out the  access  of  air,  wood  and  some  other  substances,  carbon  is 
obtained  in  a  separate  state,  or  merely  intermixed  with  small 
portions  of  earths  or  salts ;  and  it  exists  in  a  state  of  the  greatest 
purity  in  the  diamond  I  for  It  has  been  ascertained  by  chemical 
mvestigation,  that  the  diamond,  when  exposed  to  a  very  high 
temperature,  and  especially  if  confined  in  oxygen  gas,  will  bum 
like  charcoal,  exhibiting  the  same  product;  tks^  gem  consistiDg 
entirely  ^  crystallized  carbon. 

37.  With  most  of  the  simple  substances  carbon  constitutes  a 
variety  of  compounds,  among  the  most  important  of  which  are 
Uiose  arising  from  its  union  witb  oxygen,  with  whidi  it  forms 
both  an  oxide  and  aa  acid :  the  latter,  called  carbonic  acid,  is 
the  gaseous  body  formerly  known  ^  the  name  of  fixed  air)wliicli 
is  abundantly  produced  in  the  comolistion  of  vegetable  matter,  in 
the  respiration  of  animals,  and  in  other  processes.  In  conse- 
quence of  its  strong  affinity  for  oxygen,- carbon,  or  rather  sub- 
stances containing  it,  are  generally  used  for  the  purpose  of  reduc- 
ing iron  and  other  metals  from  their  ores,  in  which  they  are 
frequently  combined  with  oxygen.  The  combinations  of  this 
body  with  hydrogen  are  extremdy  numerous,  Terming  the  baseSt 
of  vinous  spirits,  oils^  resins  and  a  great  vaiieiy  of  other  vegeta- 
ble products^ 

38*  vguicoN  is  never  met  with  in  nature  iR  an  unoombinedatat^ 

What  three  sabitanees  have  been  tsfiarately  proenied  only  in  the  solid 
state? 

^  What  substances  assume  all  the  three  forms  of  matter  under  diflerent 
circumstanoes  f 

fn  how  many  dopartments  of  nature  is  carbon  distributedl 
In  vvhnt  iijrm  does  it  exist  in  the  greatest  puritf  t 

How  is  this  proved  ? 

Whnt  dififorent  oompounds  does  it  Ibnn  with  oxygen  f 

By  what  name  was  carbonic  acid  formerly  known  ? 

Why  in  carlwn  used  in  the  process  of  smelting  metallic  ores?  • 

What  are  some  of  the  compounds  of  carbon  with  hydrogen  ? 

How  is  silicon  found  in  nature  ? 
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but  by  its  union  with  oxynfon  it  forms  silica,  or  siliceous  etirtb, 
which  in  the  various  states  of  flint,  quartz,  rock  crystal,  and  other 
analogous  bodies,  is  dispersed  in  great  abundance  throughout  the 
mineral  kingdom,  j  This  substance  when  pure  is  a  dark  brown 
powder,  whidi  when  fiist  discovered  was  supposed  to  be  of  a 
meUJlie  iiatare;  but  as  it  exl^ibits  none  of  tbe  lustre  of  "a  meta], 
and  is  a  nonconducter  of  electricity,  it  has  Vith  propriety  been 
placed  in  the  class  of  non-roetallie  elementsiy  bodies.  It  unites 
with  several  other  substances,  forming  compounds,  the  most  im- 
portant of  which,  next  to  the  oxide  of  silicon,  (silica^)  is  the  pro* 
duct  of  its  union  with  fluorine. 

39.  '^BoRON  is  the  basis  of  the  acid  called  boracic  acid,  which 
in  combination  with  soda  or  mineral  alkali,  produces  the  saline 
aub8tao(»  named  borax, tfrequently  need  boih  in  medicine  and 
the  arts.)  Boron  is  an  oltve^brown  powder,  destitute  of  taste  or 
amell,  wnich  enters  into  union  with  some  of  the  metals  and  other 
elementary  bodies ;  but  its  combinations  are  of  little  importance, 
except  that  which  it  forms  with  oxygen  (boracic  acid.) 

40.  Sulphur  is  oue  of  the  few  elementary  substances  which  are 
found  in  nature  in  an  unconibined  state ;  and  it  also  often  occurs 
in  union  with  other  substances.,  It  is  met  with  in  large  quantities 
in  the  neighbourhood- of  volcanos ;  and  being  produced  abundant- 
ly in  the  island  of  Sicily,  it  is  brought  as  an  article  of  commerce 
nom  Uie  Mediterranean.  This  substance,  hitherto  undecomposed, 
and  therefore  regarded  as  elementary,  occurs  in  two  forms,  that 
of  a  light  yellow  powder  called  flowers  of  sulphur,  and  that  of  a 
compact  solid  of  a  frreenish-straw  colour,  sometimes  called  roll 
sulphur.  The  general  properties  of  sulpiuur  in  both  these  forms 
are  well  known. 

41.  Sulphur  combines  with  most  other  bodies,  forming  a 
variety  of  compounds ;  the  most  remarkable  of  which  are  those 
arising  from  its  union  Cyirith  oxygen  and  hydrogen.^  It  forma 
aereriu  oxides  and  acids,  and  one  of  the  latter,  sulphuric  acid, 
oil  of  vitriol  of  commerce,  is  much  used  both  alone  and  in  oombi* 
nation,  for  medical  and  technical  purposes.  With  hydrogen,  sul- 
phur forms  a  peculiar  gaa,  which  has  some  of  the  properties  of  an 
acid;  and  which  is  given  off  duririfr  the  putrefaction  of  animal 
substances,  causing  a  peculiar  offensive  smell,  resembling  that  of 
rotten  eggs  ;  it  was  formerly  called  hepatic  air.  ' 

42.  Phosphorus,  like  sulphur,  is  a  solid  bat  readily  volatile 
snbstance ;  i  but  is  never  found  in  nature  in  an  unoombined  state. 

What  are  some  of  its  compounds  with  oxysen  ? 
Whst  are  some  of  the  properties  of  silicon  f 
What  are  the  distinguishing  characters  of  boron? 
In  what  connexion  with  other  substancM  is  it  usually  seen  in  commerce  2 

How  does  sulphur  exist  in  nature? 

What  are  its  most  usual  forms  when  prepared  ibr  the  arts! 

With  what  bodies  does  it  form  the  most  important  of  its  corapoundsf 
By  what  name  was  sulphuretted  hydrogen  formerly  luiowal 
In  what  condition  is  phoephorus  found  in  nature  f 
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fSome  of  its  compoonds  occur  occasionally  in  mineral  substnncps  , 
^but  it  is  most  abundantly  contained  in  certain  animal  fluids  and 
solids,  and  especially  in  bone,  from  wliicli  it  is  usually  obtained 
for  experimental  purposes.]  /Phosphorus  is  found  in  the  shoj)s  in 
the  form  of  small  cyUnders,^emi- transparent,  and  nearly  of  the 
coosUtanee  of  trax^  intamally  of  a  reddish  or  flesh  colour,  but 
coated  witli  a  white  ftliii«  arising  from  its  ][»artiai  decomposition.) 
4lt  so  irtroBffly  attracts  oig^gen  nrom  the  air  as  to  become  slowly 
Siecomposed  at  a  very  low  temperature,  and  hence  it  is  usually 
kept  under  water.)  With  oxytren  it  forms  two  acids,  one  of  which, 
the  phosphoric  acid,  in  combination  with  lime  or  calcareous  earth, 
constitutes  the  basis  of  bone.'  /  It  unites  with  hydrogen,  to  form 
an  ijillammable  q^as ;)  and  it  also  enters  into  combination  with 
various  other  bodies. 

43.  jloDuiB  is  a  blnish-black  or  noletHsoloaied  solid,  haTinjr  a 
metalnodastre.) '  It  is  contained  in  sea-water,  and  in  some  marme 

S reductions,  as  seaweed  and  sponge;  and  it  is  supposed  that 
axsl  sponge,  which  is  used  in  medicine,  owes  its  vihues  to  the 
presence  of  iodine.  This  body,  like  oxygen  and  chlorine,  is  not 
Itself  combustible,  but  is  a  supporter  of  combustion.  It  unites  with 
various  other  simple  substances ;  ^and  with  oxygen  and  chlorine,"* 
it  forms  respectively  acid  compounds.  \ 

44.  Bromine,  like  iodine,  is  a  marine  production,  and  it  is 
usually  procured  from  the  refuse  liquor  obtained  in  making  sea 
salt.  ItSr common  form  Is  that  of  a  cloudy  red  liquid,  having  a . 
very  disagreeable  smell  and  tase.  It  is  one  of  the  supporters  of 
iombmtim^  and  enters  into  anion  with  various  simple  bodies, 
forming  acids  both  with  oxygen  and  chlorine.  In  many  respects, 
it  bears  a  strong  analogy  to  iodine,  and  has  hern  supposed  to  be 
a  compound  of  that  body  with  chlorine  ;  but  there  appears  to  be 
sufficient  evidence  of  its  elementary  nature. 

46.  Fluorine  is  generally  regarded  as  an  elementary  body, 
though  it  has  never  yet  been  exhibited  in  a  separate  stateli^in  con- 
sequence  of  its  powerful  tendency  to  form  combinations  with  all 
known  substances.'^  Some  of  its  compounds  enter  into  the  com- 
position of  certain  minerals,  among  which  the  best  known  is  that 
called  fluor  spar,  found  in  Derbyshire;  and  which,  from  its 
beauty  and  the  facility  with  which  it  may  be  cm  and  polished,  is 
frequently  used  for  making  chinmey  ornaments  and  for  other 
purposes.    Among  the  arti^cial  compounds  of  fluorine,  one  of 

From  what  source  ia  it  usually  obtained  ? 

In  what  form  and  consisience  is  it  commoQly  found  in  commerce  ? 
What  are  its  important  sensible  properties  f 

Wljy  is  it  usually  kept  tinder  water! 

Wiui  what  other  ingredients  is  it  combined  in  the  bones  of  animals  ? 
What  is  the  colonr  of  iodme  f 

How  IS  this  substance  related  to  the  process  of  combustion f 
With  what  aiihatances  does  it  unite  to  form  acids  ? 
Why  cannot  fluorine  be  exhibited  in  a  separate  state  7 
In  what  natorml  bodies  is  it  fiiundf 
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the  mo«t  imjportaat  it  &at  which  it  fGnnt(with  hydrogen,  oilled 
hydro-iuoric  add,  which  has  the  property  of  corroding  glass^ 

16.  Selenium  is  a  reddish-gray  solid,  obtained  from  pyrites^ 
and  in  many  of  its  properties  resembling  sulphur,  heioff  like  that 

body  readily  combustible.  It  has  hitherto  been  found  only  in  a 
few  places,  and  in  small  quantities.  It  forms  acids  in  combina- 
tion with  oxygen  ;  and  it  also  unites  with  hydrogen  aod  chlorine^ 
and  probably  with  other  elementary  substances. 
'  47.  Metals. — The  uietallic  elements,  as  already  observed,  dis- 
play ffreat  diversity  as  to  thdr  general  appearance  and  properties ; 
and  there  is,  on  the  other  hand,  so  much  similaritj  between  some 
of  these  bodies  and  some  of  the  non-metdlic  elements,  that  theif 
distinction  becomes  difficult  and  inconsiderable.  Hence  soM 
chemists  have  hesitated  as  to  the  proper  mode  of  classifying  cer- 
tain substances.  Silicon  and  selenium  have  both  been  regarded 
as  metals;  and  amonor  tlie  bodies  which  have  been  always  admit- 
ted into  the  first  class,  there  is  not  any  perhaps  which  so  much 
resembles  the  metals  as  carbon,  in  thatstat^  of  aggregation  which 
eonstitotet  charcoal. 

48.  ^e  elementaiy  or  simple  sobstances,  metallic  and  non- 
metallic,  have  so  many  points  of  analojnr  as  to  tender  it  impossi- 
ble to  form  a  systematic  arrangement  ofthem,  adapted  for  practical 
purposes,  which  may  not  be  liable  to  objection.  In  this  ns  well 
as  in  other  cases,  nature  seems  to  display  a  variety  ot  bodies  not 
capable  of  being  separated  into  orders  or  sections,  strikingly  con- 
trasted with  each  other,  but  throufrhout  the  whole  a  gradation  ap- 

ears  to  take  place ;  whence  may  be  deduced  a  chain  of  simple 
odies,  variously  connected  with  each  other :  those  that  in  some 
respects  obTiously  appear  to  be  members  of  different  classes, 
approaching  nearly  together  in  certain  of  their  properties  and 
modes  of  action.  Howeyer,  the  usual  arrangement  or  the  sim|^ 
bodies  into  metals,  and  those  which  are  not  metals,  may  be  con- 
veniently retained,  as  aflbrding  perhaps  the  most  generally  appli« 
cable  method  of  distinguishing  them. 

49.  It  will  be  unnecessary  to  notice  separately  each  of  the 
metallic  elements,  as  we  have  done  those  of  a  non-metallic  nature ; 

,  because  several  ofthem  are,  as  to  their  general  properties,  familial^ 
ly  known,  being  need  either  in  a  state  of  pnri^,  or  combined  one 
with  another  (forming  simple  or  compound  metals),  for  many 
common  purposes*  Thus  iron  is  the  usual  material  for  the  con- 
struction of  a  yast  multitude  of  instruments  and  utensils  Dor 

What  compound  have  chemSibi  prepaied  fhNn  fluoiins  and  what  is  its 
use? 

What  are  the  properties  of  selenium  ? 
From  what  tuostances  is  it  obtained  f 

Which  of  the  bodies  alrsiiay  described  hays  hem  sometiihei  rsgsrded 

as  metals  ? 

What  appears  to  be  the  probability  of  arriving  at  a  perfect  classificaiioii 
of  bodtea  on  the  basis  of  duthiot  peculiarities  t 

What  circumstance  renders  a  mmute  description  of  the  properties  oi 
metals  unuecessary  I 
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-iomestic  and  other  purposes;  gold,  silver,  wd  copper,  have 
been  long  employed  in  making  the  ooin  canent  in  all  eivilized 
eoontries ;  lead  ie  used  in  sheets  for  coyeTing4he  ro<^  of  build* 
ings,  in  tabes  for  making  waterplpes*  and  on  many  other  occa- 
aions;  mercury  is  well  known  as  remaining  fluia  at  a  lower 
temperature  than  any  other  metal,  or  indeed  than  almost  any  other 
liquid  ;  and  it  is  therefore  used  in  the  construction  of  thermome- 
ters and  other  philosophical  instruments.  Zinc  is  often  used  in 
combination  with  other  metals,  as  with  copper  in  the  manufacture 
of  brass,  and  it  is  likewise  employed  alone^  instead  of  lead>/for 
covering  hooaes^  '^nd  tin  is  not  only  of  general  utility  for  coat- 
ing other  metals/as^in  making  tin  plate,  but  also  in  its  eomlmiap 
tion  with  copper  forming  bronae  or  bell*metal. ) 

50.  Perhaps  the  metals  may  be  most  properly  characterized 
with  reference  to  their  power  as  conductors  of  electricity,  which 
belongs  to  all  of  them  in  a  hi^h  degree.  This,  however,  is  not 
an  exclusive  character  of  the  metallic  elements,  for  carbon 
(charcoal)  is  also  a  good  conductor  of  electricity,  and  in  this 
respect  it  giore  nearly  corresponds  with  the  metala  tiian  silicon 
or  seleninm,  which  are  non-conductors.  Among  the  acknow* 
lodged  metals  there  are  many  which  differ  greatly  ftom  the  more 
common  metallic  bodies*  in  being  neither  mdleable  nor  ductile : 
such  are  antimony,  arsenic,  cobalt,  and  m^incranese.  There  are 
others  which  are  distinguished  by  havino^  a  very  strong  affinity 
for  oxygen ;  so  that  at  low  temperatures  they  decompose  atmos- 
pheric air  or  water,  uniting  with  the  oxygen  in  those  bodies  to 
form  metallic  oxides ;  as  is  found  to  be  the  case  with  the  metals 
which  Sir  H.  Davy  discovered  to  be  the  bases  of  potadi  and  soda* 
Therefore  when  these  metals,  named  potasslnm  and  sodium,  are 
obtained  from  the  decomposition  of  their  respective  oxides,  potask 
and  soda,  the  mc^s  thus  formed  can  only  be  preserved  by  Iffii^ 
Ing  them  immersed  in  ether,  which  does  not  act  on  them. 

51.  Hence  it  appears  that  those  bodies  formerly  termed  fixed  al- 
kalies ^re  metallic  oxides :  land  this  is  also  the  case  with  the  differ- 
ent earths  ;/thus  calcium  is  a  metal  which  combined  with  oxygen 
forms/  calcbpeous  earth  or  lime,  ^  a  substance  which  abounds 
especuLltT  in  the  animal  and  mineral  kingdoms  of  nature.  The 
earth  called  barytes  is  an  oxide  of  the  metal  baryum;  strontitea 
is  an  oxide  of  the  metal  strontium ;  magnesia,  in  its  pore  statCy 
commonly  called  calcined  magnesia,  ift  an  oxide  of  the  mMi 
magnesium  ;  and  alumine,  argillaceous  earth  or  pure  clay,  is  an 
oxide  of  the  metal  aluminum*   The  more  rare  kinds  of  earths, 

In  what  manner  is  zinc  extensively  employed  f 

In  what  dUbrent  wa|rs  is  tin  applied  to  otner  metals  f 

According  to  what  <£»racteriitic  properly  have  the  nielaki  been  dawad 

by  Sir  H.  Dnvy. 

For  what  remarkable  property  are  potassium  and  sodium  distinguished  ? 
Whatsis  die  true  nature  of  the  bodies  ibrmerly  called  fixed  aUnlim  and 
earths ' 

Xn  what  respect  does  silicou  differ  from  the  other  earths  I 
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called  yttria,  ^lucina,  zircon,  -and  thorina,  are  also  metallie 

oxides;  and  it  has  beon  already  stated  ihat  silica,  pure  siliceous 
earth,  is  an  oxide,  though  its  basis,  silicon,  is  not  a  metailio 
body* 

Chemical  Affinity. 

,  58*  (rhat  property  of  matter  wblcii  oooaatons  tbeeombinatioB  of 
heterogeneons  bodies,  is  the  cause  of  the  principal  phenomena  of 
chemistiy,  and  is  therefore  called  Chemical  Affinity  or  Attraction.} 

It  is  also  sometimes  termed  Elective  Attraction,  and  the  Attrat  tion 
of  Composition,  to  distin^ish  it  from  Cohesive  Agfgrregativf  At- 
traction. This  interesting  subject  was  first  systematically  studied 
\^in  France  by  M.  Geoffroy,  who  formed  a  table  of  elective  attrac- 
tions. Ber^mann  in  Sweden,  Kirwan  in  England,  lierthollet  in 
France,  and  Richter  in  Germany,  afterwards  paid  particular 
attention  to  this  branch  ef  science ;  and  the  rabseqnent  labonra 
of  Dalton,  and  Sir  H.  Dary,  and  of  tiie  illostrions  Berseltns,  Gay 
Lnssac,  Thenard  and  others,  have  made  vast  additions  to  our 
knowledge,  concerning  this  fandamental  branch  of.  chemical 
science. 

63.  Chemical  Attraction  rr^ay  be  defined  to  be  that  energy,  in 
consequence  of  which,  different  kinds  of  matter  unite  to  form 
compounds  having  properties  often  dissimilar  from  those  of  their 
component  parts,  so  that  the  result  of  chemical  combination  can 
only  be  ascertained,  at  least  in  the  first  instance,  by  experiment.y 
I  Thus,  if  iron  filings  be  dissolved  in  sulphuric  acid,  or  as  itia 
V'ominonly  called,  oil  of  ritrid,  a  substance,  will  be  prodnced 
bearing  no  kind  of  resemblance  to  eitiher  of  its  component  parts, 
called  by  chemists  sulphate  of  iron,  and  vulfrarly  copperas,  or 
green  vitriol,  which  is  a  greenish,  semi-transparent,  crystallized 
subfl^nce,  having  nothing  of  the  appearance  <ef  the  metal,  nor 
mm^h  sour  taste  of  the  acid.  Acetic  acid,  or  the  acid  of 
vinegar,  in  the  same  manner  dissolves  copper,  and  constitutes 
With'  it  the  Une  eflloreseent  salt  called  Terdigris.  Canstie  ve^c- 
table  alkali  is  a  deliquescent  substance,  which,  as  its  name  im- 
plies, corrodes  flesh ;  and  sulphuric  acid,  already  mentioned,  i» 
a  liquid  which,' when  concentrated,  acts  much  in  the  same  man* 
ner  on  flesh,  but  from  the  nnion  of  these  bodies,  so  destructive  to 
animal  nmtter,  results  the  ch<'nnical  compound,  sulphate  of  pot- 
ash, a  salt  which,  whether  solid  or  dissolved  in  water,  does  not 
act  on  the  skin,  and  may  be  swallowed  with  safely,  being  used 

Wh.iT  caiises  the  principal  phenomena  of  chemistry  ? 
Ry  wliom  has  the  subject  of  chemical  aUraciion  heoa  exleuai vely  culti- 
vated i 

fn  what  manner  may  its  results  be  ascertained  ? 

What  effect  on  the  sensible  properties  of  the  ingredients  is.  often  pio» 

duced  by  chemical  composition? 
What  examples  illustrate  this  poiul  ? 
How  (Iocs  sulphuric  acid  affect  the  akin  f 
What  ofFoct  ilocH  caustic  potash  produce  upon  if  ^ 
What  i«  the  operation  of  aulphate  of  potash  on  the  living  fleaht 
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like  tbe  somewbst  slaiUfir  oomBOD^d,  salphate  of  soda,  (GlavW 

salt,)  for  medicinal  purposes.  Somelimes  two  liquids,  or  gaseoos 
bodies,  by  their  naion,  form  a  solid  compound.  Thus  the  gas 
that  rises  from  spirit  of  hartshorn,  called  by  chemists  ammonia, 
and  muriatic  acid  ^as,  if  mixed  totrether  in  an  empty  jar,  become 
condensed  into  a  white  saJUae  solid,  called  muriate  of  ammoDiay 
or  sal>ammoniac» 


54,  The  manner  in  which  the  effect  lust  mentioned  may  be  conTe- 
niently  exhibitedt  is  presented  in  the  abo^  figure,  where ^ two 
retorts,  S  and  L,  are  connected  with  a  glass  globe,  by  means 
of  two  tubuiureBf  into  which '  their  necKs  respective!  j  pass 

until  they  nearly  meet  in  the  centre.  The  apparatus  being 
thus  prepared,  we  put  into  L  a  mixture  of  dry  slaked  lime  and 
sal-ammoniac  in  fine  powder.  Into  the  retort  S  put  a  quantity  of 
common  salt,  sufficient  to  fill  one-third  of  the  oulb.  Place  the 
globe  on  its  support,  apply  a  moderate  heat  to  L,  and  pour  sul- 
phario  acid  upon  tiie  salt  in  S.  Close  both  retorts«  and  ihe 
gaseous  ammonia  from  L  will  combine  with  the  mnriatic  aeid 
gas  from  S,  forming  in  the  globe  a  dense  white  cloud  or  solid 
substance,  the  muriate  of  ammonia. 

55.  The  phenomena  of  Chemical  Attraction  are  regulated  by 
the  follow incr  laws  : 

(1.)  This  attractiTe  foice  is  exerted  in  different  degrees  by 
different  bodies. 

(2.)  It  operates  only  on  very  minute  particles  of  bodies;  and 
lience  chemical  aetion  is  promoted  by  previous  solution,  trituration, 
or  other  mechanical  methods  of  division  and  intermixture. 

(3.)  When  bodies  combine,  an  alteration  of  tempc  rature  pmeii* 
ally  takes  place,  sometimes  with  the  exhibition  of  light. 

(4.)  Bodies  which  have  an  attraction  for  each  Other,  are  always 
found  to  display  opposite  states  of  electricity. 

What  is  the  first  law  of  chemical  attraction  ? 

What  ia  the  eflfoct  of  mechanical  division  on  the  chemical  oombinstioQ 

of  bodies  ? 

What  sensible  phenomena  innally  accompany  chemical  change  ? 

In  what  relative  eleetricaifltates  sie  two  comiaiog  bodies  alwayo  ftandff 
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(5.  J  All  bodies  aro  composed  of  certain  atoms  or  molecules,  and 
chemical  combination  consists  of  the  union  of  one  or  more  atoms 
of  one  of  the  uniting  bodies,  with  some  determinate  number  of 
atoms  of  the  other  uniting  body.  ^ 

((j.)  Chemical  attraction  takes  place  in  three  different  modes  :  J- 
[1.]  When  one  simple  body  is  presented  to  another,  for  which  it 
has  an  affinity,  a  union  takes  place,  and  a  compound  is  formed. 
[2.]  If  a  simple  body.  A,  be  presented  to  a  compound,  B  C, 
and  if  A  have  a  stronger  affinity  for  B  than  C  has,  the  compound 
B  C  will  be  decomposed,  and  a  new  compound,  A  B,  will  be 
formed.  [3.]  If  a  compound  A  B,  be  presented  to  another  com- 
pound C  D,  though  neither  A  nor  B  alone  would  decompose  C  D, 
yet  a  mutual  decomposition  may  take  place  between  the  two 
compounds,  and  occasion  the  formation  of  two  new  compounds, 
A  D  and  C  B.  The  first  and  second  modes*  of  attraction  are 
styled  instances  of  simple  affinity,  or  simple  elective  attraction ; 
and  the  last  mode  is  styled  compound  affinity,  or  compound  elec- 
,  tive  attraction. 

(7.)  All  compounds,  when  they  enter  into  union  with  other  bo- 
dies without  being  decomposed,  act  in  the  same  manner  as  simple 
bodies. 

y   56.  These  laws  of  Chemical  Attraction  may  be  exemplified 
and  illustrated  in  the  following  manner: 

(1.)  The  first  of  these  laws  constitutes  the  foundation  of  the 
whole  science  of  Chemistry.  The  ensuing  examples  show  the 
manner  in  which  it  operates. 

If  thin  plates  or  filings  of  copper  be  mixed  with  sulphuric 
acid,  (oil  of  vitroil,J  on  the  application  of  heat  the  metal  will  be 
dissolved.  The  acid  thus  united  to  the  copper  will  form  a  salt, 
called  sulphate  of  copper,  (blue  vitriol,)  .which  might  be  ob- 
tained from  the  solution  by  evaporation  and  crystallization.  If 
to  this  solution  be  added  iron  wire,  or  thin  plates  of  that  metal, 
the  sulphuric  acid  will  leave  the  copper,  and  combine  with  the 
iron.  As  the  latter  dissolves,  the  former,  separating  from  its 
union  with  the  acid,  deposits  itself  on  the  iron  plates,  so  that  they 
become  covered  with  a  thin  film  of  copper,  but  when  the  iron  is 
all  dissolved,  the  copper  having  nothing  to  support  it,  will  fall  to 
the  bottom  of  the  contaijiing  vessel,  in  a  pulverulent  form.  The 
clear  liquor,  being  decanted,  will  therefore  be  a  solution  of  sul- 
phate of  iron  (green  vitriol.)  If  to  this  solution  filings  or  frag- 
ments of  zinc  be  added,  the  iron  will  separate  by  degrees  from 
the  liquid  and  fall  down,  as  the  copper  previously  did,  leaving 

What  law  appears  to  regulate  combinalion  in  regard  to  the  numbers  of 
ultimate  particles  ? 

In  how  many  and  what  different  modes  may  chemical  attraction  take 
place  ? 

In  what  manner  do  compounds  act  when  their  exercise  of  chemical  at- 
traction is  not  attended  by  their  own  decomposition  7 

In  what  manner  is  the  first  law  of  chemical  attraction  illustrated  by 
copper  and  sulphuric  acid  ? 

What  is  the  resulting  compound  called  ? 
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the  zinc  in  solution,  forming  with  the  acid,  sulphate  of  zinc, 
(white  vitriol.)  If  to  the  solution  of  sulphate  of  zinc,  be  added 
water  of  ammonia,  (pure  volatile  alkali,)  the  acid  will  quit  the  zinc 
to  unite  with  the  alkali,  the  metal  will  be  precipitated,  and  the  clear 
liquor  being  decanted,  will  be  a  solution  of  sulphate  of  ammo- 
nia. Add  to  this  liquor  quicklime,  which  substance  will  combine 
with  the  acid,  and  separate  it  from  the  ammonia,  but  the  new 
compound  of  sulphuric  acid  and  lime,  thus  formed,  will  not 
remain  in  solution,  but  will  be  precipitated,  or  fall  down,  in  the 
form  of  a  white  powder,  called  sulphate  of  lime,  (gypsum,)  while 
the  ammonia,  freed  from  the  acid,  remains  dissolved  in  the  water, 
from  which  it  may  be  expelled  by  heat,  in  the  form  of  a  gas. 
If  the  sulphate  of  lime  be  separated  from  the  solution  by  filtering, 
and  thrown  into  water  containing  caustic  potash,  a  new  decom- 
position will  take  place,  the  sulphuric  acid  leaving  the  lime,  and 
uniting  with  the  potaah.  The  sulphate  of  potash  (vitriolated 
.tartar)  thus  formed,  will  remain  in  solution  while  the  pure  lime 
becomes  precipitated  in  the  state  of  a  white  powder,  and  tho 
sulphate  of  potash  may  be  obtained,  in  a  crystalline  form  by  eva* 
poratin^the  clear  solution,  after  pouring  it  from  the  lime. 

57.  This  succession  of  decompositions  shows  tiiat  iron  possesses 
a  stronger  attraction  for  sulphuric  acid  than  copper,  zinc  than  iron, 
ammonia  than  zinc,  lime  than  ammonia,  and  potash  than  lime. 
Numerous  experiments  of  a  similar  kind  might  be  adduced,  which 
would  equally  serve  to  show  the  relatiye  attractite  powers  of 
various  substances.^  It  appears  from  the  preceding  experiments, 
Ihaft  the  decomposition  ot  a  substance  dissolved  m  a  liquid,  is 
sometimes  accompanied  by  the  falling  down  of  the  newly  formed 
substance,  and  sometimes  by  that  of  the  body  separated  from  the 
original  compound.  \In  this  case  the  body  added  to  produce  the 
decomposition  is  called  the  precipitant^  and  the  substance  th^j^wn 
down  the  precipitate;  the  process  itself  is  sometimes  termed  pre- 
eipitation,  ) 

58.  (2.)  The  extreme  minuteness  of  the  elementary  molecules  of 
bodies  from  the  union  of  which  chemical  compounds  aee  formed^ 
appears  from  the'fntire  change  of  sensible  properties  resulting 
from  such  combinations.  For  as  already  stated,  the  human  eye, 
assisted  by  the  most  powerful  microscopes  which  have  ever  been 
constructed,  Is^ften  cannot  detect  in  a  chemical  compound  the 
slightest  vestige  of  the  colour  of  either  of  its  component  parts  $ 

By  what  means  may  the  copper  be  npproduced  in  its  metaiUc state ? 
What  w^ill  then  be  the  nature  of  the  liquid  obtained  ? 
'  In  what  nuuiner  may  the  iron  in  this  loiufioa  be  reproduced  ? 
What  mayneit  he  employed  to  aeperate  the  sine} 
IIow  may  Rmmonia  be  freed  from  sulphuric  ncid  f  *, 
Will  this  like  the  metals  undergo  prpcipttaliun  I 
How  may  the  separation  of  lime  from  the  same  acid  be  eflected  f 
What  general  truths  may  wo  deduce  from  ihis  series  of  operationsf 
What  term  is  applied  to  the  body  which  produres  prccipUaliont 
What  name  is  given  to  the  Hiibslance  ihrown  down  ? 

od 
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but  when  substances  are  mechanically  mixed,  the  respective 
eoloon  of  the  ingredients  of  tlie  composition  may  sometimes  be 
traced,  w  when  ▼afiooely-tinted  powam  are  tiitaraled  together ; 
or  if  the  mixture  is  more  eomplete,  as  when  two  liaiiida,  for  in- 
stance, ink  and  water,  are  shaken  together  in  a  pliial»  though 
the  whole  mass  will  exhibit  a  uniform  appearance,  it  will  be 
merely  a  modification  of  colonri  arising  from  the  dilution  of  the 
ink  by  the  aqueous  fluid.y^ 

69.CSome  philosophers  have  ascribed  to  matter  the  property 
of  infinite  divisibility.  But  though  matter  may  be  conceived  to 
be  indefinitely  capable  of  being  divided,  and  though  it  may  even 
be  proved  by  geometrieal  demonstrationf  that  a  fine  of  a  givea 
length  may  be  made  to  undergo  unlimited  subdivision,  yet  there 
is  reason  to  believe  that  those  bodies  with  which  chonistiy  Is 
conyersant*  are  formed  of  indivisible  atonu^  VMatter,  then,  or 
.rather  space,  is  metaphysically  and  mathematicallyt  but  not 
physically,  capable  of  being  infinitely  divided.] 

60.  Jt  is  possible  to  conceive  that  a  cubic  inch  may  be  separated 
into  10,000  smaller  cubes,  and  each  of  the  latter  into  as  many 
millions  of  millions  of  minuter  parts  of  a  similar  shape,  nor  can 
there  be  any  limit  to  such  subdivision,  whieh  must  be  as  exten* 
sive  as  the  power  of  enumeratioa.'^  ^The  mathematical  de- 
monstration of  the  infinite  divisibility  or  matter  is  founded  on. 
the  impossibility  of  conceiving  any  limits  to  absolute  space.  * 
Let  AD  and  F  G,  in  the  marginal  figure,  be  two  lines  parallel 
C       A       "P  B  e^ch  other,  and  perpendicular  to  the 

  '  line  B  C;  then  from  the  points  H,  H',  H",  H'", 

as  centres,  describe  so  many  arcs  of  circles, 
cutting  the  lines  F  G  and  A  D ;  and  since, 
the  line  A  D  may  be  imagined  to  be  as  ex- 
tensive as  space  itself,  it  is  impossible  to 
prescribe  bounds  to  the  number  of  points 
which  may  be  made  the  centres  of  circular 
arcs,  and  as  the  number  of  arcs  is  bound- 
less, so  will  be  the  number  of  parts  into 
which  they  will  divide  the  line  F  G;  for 
the  arc,  how  immense  soever  might  be  the  length  of  its  radius^ 
could  not  possibly  become  coincident  with  the  nght  line  B  C. 

61*  These  observations  are  worthy  of  attention,'  as  they  may 
serve  to  assist  us  in  forming  distinct  conceptions  concerning  the 
wonderful  minuteness  of  the  particles  of  matter,  considered  in  a 
physical  point  of  view.   Among  the  numerous  instances  that 


What  diflbrence  in  teiuible  properties  woaf  distingoish  a  d^emieal 

pound  from  a  mechanical  mixture  ? 

What  examples  may  be  given  of  these  two  eflects? 

What  opinion  liaa  been  formerly  promulgated  in  regard  to  the  divisi- 
bihty  of  matter  f 

What  difference  exists  between  the  mathematifial  and  the  physical  di* 
viflibilitv  of  space? 
On  what  it  the  mathematical  divisibility  of  space  founded  ? 
Draw  and  eiplain  the  dSagnun  reUlfing  to  this  sutgectt 
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might  he  produced  of  the  minute  division  of  material  bodies,  may 
be  mentioned  the  extreme  diffusion  of  colouring  particles  through 
a  transparent  fluid.  (A  grain  of  carmine  rubbe(r aown  with  a  litue 
Y&ter,  and  then  miiSd  with  bIx  qaarts  more,  will  give  the  whole 
liquid  a  pale  red  or  flesh  coloar;  and  one  grain  of  bine  Titriol* 
(aalphate  of  copper,^  will  conunonieate  a  fine  azure  tint  to  fife 
gallons  of  water.  j)(l5oyle  says  that  a  pair  of  Spanish  gloves, 
which  had  been  scented  by  a  single  grain  of  musk,  retained  their 
odour  for  twenty-nine  years.  The  same  philosopher  placed  a 
piece  of  amber,  weighing  100  grains,  in  the  scale  of  a  balance, 
which  turned  with  a  small  fraction^pr  a  grain,  and,  having  counter- 
poised it,  he  left  it  for  several  da^s,  at  the  end  of  which  time  il 
liad  lost  no  perceptible  portion  of  ita  weight,  though  it  had  been 
€ontinoally  giving  off  partielea,  which  bad  perfumed  the  anv* 
rounding  air.*") 

-f^-  62.  Malleable  and  ductile  metals  are  capable  of  being  reduced 
•  to  a  most  extraordinary  degree  of  tenuity.  vGold,  after  being  sub- 
mitted to  the  operations  bi  the  goldbeater,  is  formed  into  leaves 
3.3  inches  square,  each  weighing  rather  less  than  the  fifth  part  of 
a  grain,  and  being  but  the  282,000th  part  of  an  inch  in  thickness ; 
and  a  particle  of  this  gold  leaf,  not  exceeding  the  500,000th  of  a 
grain,  will  be  diattneuy  viilble  to  the  naked  eycf  Still  more 
eomminnted,  donbtieaa,  are  the  partidee  of  gold  left  in  the  abrap 
aion  of  a  gold  pin  on  a  touchstone,  bot  yet  perfectly  perceptible 
to  the  si^t.  Bubbles  of  soap  and  water  consist  of  films  far 
more  attenuated  than  leaf  gold,  for  when  they  beo-in  to  reflect 
colours,  their  thickness  is  less  than  2,000,000ths  of  an  inch,  and 
that  must  be  much  beyond  the  diameter  of  the  atoms  of  water ;  for 
the  film  contains  soap  incorporated  with  the  water,  and  we  cannot 
even  conjecture  what  relation  the  dimensions  of  the  atoms  of  the 
finid  may  bear  to  thoae  of  the  film  whkk  it  fonns,  only  they  must 
be  to  inferior.  Bjwidea,  both  soap  and  water  are  eomponifdIfVp 
that  the  conatitoent  atoms  of  those  anbatanoes,  as  of  the  oxygen 
and  hydrogen  of  the  vrater,  mnat  be  yet  more  reduced,  till  they 
almost  surpass  the  power  of  imagination. 

63.  \^'he  vegetable  kingdom  presents  us  with  innumerable  in- 
stances; not  only  of  the  extraordinary  divisibility  of  matter,  but 
*  of  its  activity,  in  the  almost  incredibly  rapid  developement  of  cel- 
lular structure  in  certain  plants,  (^''hus  the  Bovista  giganteum  (a 
•pei468  of  fongus,  has  been  known  to  acquire  the  size  of  a  gourd 

What  eiamples  can  be  adduced  of  extreme  divisibility  among  colouring 
materials  ? 

What  facts  demonstrate  the  minuteness  of  odoriferous  particles? 

Ilow  may  metallic  substances  be  perceived  to  illustrate  the  minute  di- 
Tisibility  of  matter  ?  IHuitnite  the  extreme  divisibility  and  the  ^tivity  of 
nattir  in  the  vegetable  kingdom  f 

•  De  Mira  SubtU.  Effluv.  Sigand  de  la  Fond.  Elita.  de  Phys.,  t  i.  ppu 
156  et  160. 

t  Leslie's  Elem.  of  Nat;  Fhiloi.»  vol  i.    18.  ^ 
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in  one  nighty  Now  supposing-,  with  ProfosRor  Liudley,  that  the 
cellules  of  this  plant  are  not  less  than  ^^o^^^  ^"  inch  in 
diameter,  a  plant  of  the  above  size  will  contain  no  less  than 
47,000,000,000  cellules;  so  that,  supposinn;-  it  to  have  trrown  in 
the  course  of  twelve  hours,  its  cellules  must  have  been  developed 
at  the  rate  of  nearly  4,000,000,000  per  hoar*  or  of  more  toaii 
66,000,000  in  a  minute;  and  when  we  consider  that  erery  one  of 
these  cellules  must  be  composed  of  innumeiahle  molecules,  eaelt 
one  of  which  is  a^in  composed  of  others,  we  are  perfectly  over- 
whelmed with  the  minuteness  and  number  of  the  parts  employed 
in  this  sinrrle  production  of  nature.* 

64.  The  animal  world  affords  examples  of  the  incomprehensi- 
ble divisibility  of  matter  not  less  wonderful.  Mr.  Harmer,  by 
counting  the  number  of  ova  in  a  given  weight  of  the  spawn  of 
dtfieient  fishes,  foand  that  a  single  flounder  contained  1,367,400 ; 
and  a  cod-fish  no  less  than  3,686,760  ova ;  all  of  which,  it  must 
he  remembered,  were  organized  bodies^capable  of  deyelopement, 
so  as  to  form  perfect  animals. f  But  the  infusory  animalcules 
display,  in  their  structure  and  functions,  the  most  transcendent 
attenuntinn  of  matter.  The  Vibrio  imdtila^  found  in  duckweed,  is 
computed  to  be  ten  thousand  million  times  smaller  than  a  hemp- 


dfscovered  in  ditch-water,  appears  in  the  field  of  a  microscope  a 
mere  atom  endued  with  life,  millions  of  them  playing  like  the 
eun-beams,  in  a  single  drop  of  liquid.:): 

65.  (That  all  bodies  are  composed  of  atoms  or  ultimate  indivi-  - 

sihle  particles,  may  be  inferred  from  the  observations  which  have 
been  made  on  tlie  heifi:ht  of  the  atmosphere  above  the  surface  of 
the  earth.  Dr.  Wolluston  adduced  some  ingenious  arguments  in 
proof  of  the  limited  extent  of  the  atrial  medium  which  surrounds 
the  globe,  as  resulting  from  its  atomic  constitution. §  And  if  we 
admit  that  such  is  the  nature  of  the  air,  it  may  also  be  concluded 
that  bodies  of  greater  density  consist  in  the  same  manner  of  indi- 
visible  molecules. 

66.  The  instances  alrefdy  mentioned  of  the  extraordinaij 
minuteness  of  particles  of  matter  relate  to  bodies  which  are  mani- 
festly compounds,  and  the  magnitude  of  such  particles  must 
therefore  be  far  superior  to  that  of  the  ultimate  or  even  the  con- 
stituent moleoulea  of  those  bodies.    With  regard  to  the  bulk  or 

At  witat  rate  per  second  are  the  cells  of  the  Bo  vista  gigantettm  developed  ? 

What  is  supposed  to  be  Iho  size  of  tho  Vibrio  unchila  ? 
How  may  we  infer  the  atomic  oonstitution  of  matt^,  from  the  nature  of 
our  atmosphore  ? 

*  Dr.  Prout's  Chomisiry,  Meteorology,  and  the  Function  of  Digestion 
considered  with  reference  to  Natural  'Jflieolc^,  1834,  pp.  23,  24  \  from 
Lindley'i  introdiictkni  to  Botany. 

t  Philosnph.  Trnnsact.,  vol.  Ivii.  1767,  art  30. 

\  Leslie's  Nat.  Philos.,  vol.  i.  p.  16. 

^  Sec  Scieuiillc  clas3  Book,  part  i.  p.  207. 
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veic^  of  absolute  atoma,  or  ultimate  molecules  of  matter,  ws  can 
fimn  DO  conceptions  whatever,  and  their  nature  and  properties 

must  probably  remain  objects  of  conjecture  and  uncertainty  ;  bat 
the  constituent  or  combining  molecules  of  different  substances  are 
more  within  the  reach  of  experiment  and  observation,  and  con- 
cerning their  relative  mao^nitudes  or  proportional  weights,  the  re- 
searches of  modern  philosophers  furnish  us  with  some  infor- 
mation.  Dr.  Thompaon  has  calculated  that  the  weight  of  a 

eoiistitaent  molecule  of  lead  does  not  «ioeed  rr7r.imr,<nr(7,7irv^ 
of  a  grain,  and  that  its  magnitude  is  probably  much  less  than 

TT8,TF|,xrxr<r.oirzr,Tnnrth  of  a  cubic  inch.  The  eombinine  mole- 
coles  of  sulphur  are  TasUy  inferior  to  those  of  lead,  eacn  being 
computed  to  be  not  more  than  ir,Trr?,o.o^6.ooo.oooth  of  a  grain ; 
and  the  molecules  of  some  other  bodies  are  undouktodly  much 

more  diminutive.* 

67.  The  change  of  temperature  that  results  from  chemical  com- 
bination is  sometimes  very  considerable.  Thus  the  burning  of  char- 
coal is  a  combination  of  charcoal  or  carbon  with  the  oxygen  of  the 
atmosphere,  and  the  consequent  production  of  carbonic  acid.  Abun- 
dance of  heat  is  evolved  in  this  process,  which  has  been  soj^posed 
to  be  derived. fW>m  the  oxygen  gas  consumed.  M nch  heal  is  also 
given  out  when  nitrous  acid  or  aqua  fortis  is  mixed  with  oil  of 
amber ;  those  fluids  uniting  to  form  a  resinous  substance,  which, 
from  its  peculiar  odour,  has  obtained  the  name  of  artificial  musk. 

68.  The  elevation  or  dppTPssion  of  temperature  which  accompa- 
nies the  formation  of  chemical  compounds  has  given  rise  to  various 
hypotheses,  among  which  the  most  plausible,  perhaps,  is  that  which 
deduces  the  heat  or  cold  manifested  in  such  cases  from  the  change 
of  state  In  the  elements  of  the  combining  bodies,  or  the  relation 
of  their  respective  capacities  for  heat  wim  that  of  the  compound. 
^Thus  it  has  been  imagined,  that  when  the  specific  heat  of  a 
compound  is  less  than  that  of  the  bodies  from  whose  union  it  is 
formed,  the  superabundant  heat  will  be  given  out  and  become 
sensible;  and  if  the  specific  heat  of  the  compound  be  greater 
than  that  of  its  component  parts,  it  must  absorb  heat  from  sur- 
rounding bodies,  and  thus  occasion  a  sensible  depression  of  tem- 
perature. But  this  view  of  the  cause  of  the  changes  of  temperature 
that  take  place,  is  hardly  consistent  with  the  conclusions  derived 

What  is  the  state  of  our  knowledge  in  ragatd  to  the  ultimate  particles 
of  simple  bodietf 

What  has  modem  chemistry  developed  in  regard  ts  the  relative  W^ghlS 

of  the  combining  atoms  of  different  substances  ? 

How  does  the  size  of  a  combining  atom  of  sulphur  compare  witli  one  of 
lead? 

What  mnarksUe  eiamples  iUastrate  the  thiid  law  of  chemical  attm^ 

tion? 

What  hypotheses  have  been  raised  to  account  for  the  developement  of 
heat  during  ehsiiioal  combination  f 


*  ThooHons't  PrinciplM  of  Inoigsnio  chemiitiy,  voL  i.  p.  7« 
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from  the  latest  researchftt  cf  ]^Iotopliero  ecMmin?  the  speciiie 

heat  of  different  bodies,  and  especially  of  gases ;  and  the  reiatioa 
of  chemical  attraction  to  heat  is /a  sabject  whicii  siill  KmaiM 

open  for  future  investig-ationJ 

/  G.O.  A  few  observations  may,  however,  be  added  concerning 
two  important  topics  connected  with  this  law  of  chemical  affinity^ 
namely,  Combustion,  and  the  Solution  of  Solids  in  Liquids. 
vThe  term  oombnstioD  has  been  wioasly  applied  by  different 
wnters ;  some  extending  it  to  all  cases  of  Ttolent  diemieal  aetion, 
accompanied  by  the  evolation  of  light  and  heat ;  and  others  n» 
strioting  it  to  certain  processes  in  which  combustible  bodies  more 
or  less  rapidly  combine  with  oxygen,  with  the  extrication  of  li^ht 
and  heat,  as  in  the  hurningr  of  charcoal,  noticed  above^  (Lavoisier,^ 
who  was  ti^e  first  in  modern  times  that  clearly  ascertained  the 
influence  oi  atmospheric  air  on  chemical  operations,  and  showed 
that  the  changes  which  bodies  undergo  frequently  depend  on  the  ' 
absorption  of  oxygen,  (was  led  to  oondode  fhsA  all  simple  snb- 
atanees  might  be  arranged  in  two  classes ;  the  first  comprising' 
oxygen  only*  which  he  characterised  as  a  supporter  of  combustion  ; 
and  the  second,  consisting  of  combustible  bodies,  including  the 
metals.  Hence  he  farther  inferred  that  oxygen  ^s  consisted  of 
a  ponderable  basis,  combined  with  light  and  heat,  which  were 
given  out  in  tlie  form  of  flame  during  combustion  or  the  union  of 
combustible  bodies,  as  carbon,  sulphur,  phosphorus,  oil,  and  alco- 
hol, with  the  basis  of  oxygen  gas.  j 

70.  But  this  theory,  though  to  a  certain  extent  it  may  be 
admitted,  is  by  no  means  applicable  to  all  eases  of  combustion 
in  which  oxygen  sas  or  atmospheric  air  is  present,  and  it  is 
necessarily  incapable  of  affording  an  explanation  of  those  in- 
stances of  the  evolution  of  light  and  heat  consequent  oil  the  sud- 
den union  of  bodies  which  contain  no  oxygen  whatever.;  Thus 
if  equal  volumes  of  chlorine  gas  and  hydrogen  gas  be  introduced 
into  a  glass  jar,  and  exposed  to  the  direct  rays  of  the  sun,  they 
rapidly  combine,  with  explosion,  or  the  display  of  abundance  of 
light  and  heat.  Phosphorus  bums  with  a  pale  yellow  flame,  when 
heated  in  chlorine  sas  y  and  when  phosphorus  is  introduced  into 
an  exhausted  vessel  with  iodine,  a  violent  fiction  takes  plane,  and 
much  heat  is  extricated,  but  without  light.  If  sulphur  and  filings 
of  copper  be  heated  together,  when  the  mixture  has  acquired  a 
temperature  much  below  a  red  heat,  it  suddenly  becomes  red-hot^ 
and  the  compound  called  sulphuret  of  copper  is  fornu  d.  ' 

71.  Many  other  examples  might  be  adduced  of  the  jiroduction 

What  researches  of  moflern  times  are  fuind  to  oppose  this  theoiy  ? 
How  has  the  term  eomi)usiion  been  used  by  different  writers  ? 
By  whom  was  the  distinetioii  of  bodiee  into  combustibles  and  supporleis 
of  combustion  first  made  ? 

What  led  the  author  to  this  division  ? 

How  has  the  theory  of  Lavoisier  been  modified  by  more  recent  disco-  ^ 
Teries? 

Give  some  examples  of  the  phenooiena  of  oomfaustion  pioduced  with-  ^ 
out  the  presence  oi  oxygen* 
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of  heat  either  alone  or  accompanied  by  light,  doriitf  ehemieal 
eombiiiatfODSy  in  which  oxygen  is  not  at  «ll  concerned.  Unleee, 
theiefoie,  the  term  CombAstioD  be  ezdusiyely  appropriated  to  the 
process  of  burning  combnetiblee  in  atmospheric  air,  or  some  other 

aerial  medium  in  which  oxygen  is  contained,  the  phenomena  with 
which  the  process  is  accompanied  cannot  possibly  be  said  to  be 
eaiised  by  the  condensation  of  oxygen  gas;  and  in  the  present 
state  of  our  knowledge,  any  attempt  to  deyelope  their  souice  may 
be  considered  as  somewhat  premature. 

72. (jDomba8tion,  as  depending  on  the  union  of  oxygen  wilb  a  " 
eombnstible  body/^ometlmes  traces  place  under  singn&r  ciscnin- 
stanceSy  and  gives  rise  to  extraordinary  appearances.  The  tem- 
peratnres  at  which  different  eombnstibles  combine  with  oxygen 
vary  extremely.i  /Potassium,  or  the  metallic  body  which  in  com- 
bination with  oxygen  forms  potash  or  fixed  vegetable  alkali,  most 
powerfully  attracts  oxygen,  tarnishing  when  exposed  to  the  air  at  a 
very  low  temperature,  and  becoming  iniiamed  when  thrown  into 
cold  water,  or  even  when  placed  on  a  piece  of  ice,  potash  being 
formed  In  either  ease.  Phosphorus,  when  quite  dry,  takes  fire  in  a^ 
mospherie  air,  at  about  100^  of  Fahrenheit.  Sulphur  bums  in  com* 
mon  air  at  from  180^  to  190^,  but  with  a  faint  blue  flame,  the  heat 
of  which  is  very  inconsiderable;  but  if  its  temperature  be  raised 
to  300°,  the  combustion  proceeds  more  rapidly.  '  .Carbon,  in  the 
state  of  common  charcoal,  demands  a  higher  temperature  for  its 
combustion  than  the  substances  already  mentioned ;  and  in  its 
crystallized  form,  in  the  diamond,  it  requires  an  intense  heat,  as 
the  flame  of  an  oxy-hydrogen  blowpipe,  to  set  it  on  fire.  When 
higiilj^  comminuted,  however,  charcoal,  and  especially  some 
varieties  of  it,  attract  oxygen,  exhibiting  the  phenomena  of  com- 
bustion at  relatively  low  temperatures ;  and  hence,  in  certain  v 
eases,  what  is  termed  spontaneous  inflammation  has  taken  place.^ 

73.  Colonel  Aubert,  an  artillery  officer,  in  consequence  of  re- 
peated instances  of  the  spontaneous  combustion  of  powdered 
charcoal  which  had  occurred  in  France,  made  some  interesting 
experiments  on  the  subject.  '  He  found  that  charcoal  triturated  in 
mortars  with  bronze  pestles,  till  it  is  reduced  to  the  finest  powder, 
has  the  appearance  ofan  oily  fluid,  and  occupies  only  one-thiid 
of  the  space  whieh  it  takes  up  when  in  the  form  of  rods  about  six 
iaehes  m  length.  In  this  state  of  extreme  division  it  absorbs  air 
much  more  readily  than  before;  but  the  absorption  proceeds 
slowly,  reqnirinnf  <5everal  days  for  its  completion,  and  it  is  accom- 
panied by  the  evolution  of  heat  sufficient  to  raise  the  thermometer 
to  about  360°  of  Fahrenheit,  and  thus  inflammation  is  occasioned. 
The  process  commences  near  the  centre  of  the  mass,  about  five  or 
six  inches  from  its  surface,  at  which  spot  the  temperature  is 

Under  what  variety  of  circumstances  may  rnmbnstion  take  plane  ? 
What  remarkable  instance  may  be  adduced  in  wluch  combustion  com- 
mencM  af  low  tempemturMf 

XJndfT  wliat  ditferent  circumstances  may  carbon  be  ipnited  ? 

What  iavettij^atioa  was  made  by  Aaben  on  tbe  coinbusticNi  of  choieosl  t 
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alwBT*  higrher  than  at  any  other.  /  Black  charcoal,  stronffW  dia* 

tilleOf  is  more  readily  inflammable  than  lighter  varieties.  Masses 
of  this  kind  of  charcoal,  less  than  66  pounds  avoirdupois,  do  not 
inflame  spontaneously;  and  the  other  kinds  inflame  only  when  in 
larger  masses.  The  free  admission  of  air  to  the  surface  is  indis- 
pensably requisite  to  produce  spontaneous  combustion.  v^VV hen 
aalphnr  and  nitie  are  added  to  the  puWeiiadl  ehaicoal,  the  in- 
flammation doee  not  take  plaoe  aa  naaal ;  bat  there  ie  atill  aonia 
absorption  of  air,  and  augmentation  of  temperature ;  therefore  it 
would  be  dangerous  to  leave  large  qvantitiea  of  aoeh  mixtniea 
long  exposed  to  the  air.* 

74.  The  spontaneous  combustion  of  substances  containing  car- 
bon, from  the  absorption  of  air  and  moisture  is  a  phenomenon 
of  so  frequent  occurrence  that  few  persons  can  be  ignorant  of  it, 
though  those  who  are  unacquaintea  with  chemistrv  must  be  at  a 
loaa  to  aocount  for  it.  Ricka  of  hay  and  atacka  of  eom  thoa  oc* 
eaaionally  take  fire«  and  are  eonaomed  $  and  repeated  narratiTea 
have  been  published  of  the  destruction  of  paekasea  of  oofiee^ 
bales  of  cotton  and  other  articles,  in  consequence  i?  apontaneotts 
inflammation.  Much  appears  to  depend  in  these  cases  on  the  pre- 
sence of  water;  for  hay-ricks  take  fire  only  when  the  hay  is  put 
together  before  it  is  properly  dried,  or  in  consequence  of  its  not 
being  well  secured  from  the  rain.  An  instance  of  the  spontaneous 
combustion  of  a  quantity  of  oatmeal,  which  had  been  left  in  the 
boose  of  a  ffentleman  at  Glasgow,  daring  the  abaence  of  hia 
mily  from  home  from  May  till  the  end  of  Augaat,  In  1890y  la 
mentioned  in  Dr.  Thomaon*a  Annals  of  Philosophy;"  and  the 
accident  ia  juatly  attributed  to  the  avidity  with  which  oatmeal 
attracts  moisture,  a  property  that  induced  Professor  Leslie  to 
employ  it  instead  of  sulphuric  acid,  in  his  ingenious  process  for  the 
production  of  ice  under  the  exhausted  receiver  of  an  airpnmp.f 

75.  Spontaneous  combustion  sometimes  takes  place  very  sud- 
denly. Prof.  Bache,  of  Philadelphia,  discovered  that  carbon  in 
the  atate  of  lamp-black^  or  the  aoot  of  animal  oU,  cansea  the  in- 
flammatlon  of  a  atick  of  phosphoms  powdered  with  it,  at  the  tem-  « 
peratnre  of  60^  of  Fahrenheit,  either  in  the  open  air,  or  in  a  doee 
receiver  of  a  moderate  aiae.^:  • 

7G.  Professor  1)  iberiener,  of  Jena,  discovered  a  curious  phe- 
nomenon of  an  analogous  nature  relativa-to  spontaneous  combus- 
tion in  1823.  He  found  that  platina,  in  the  state  of  very  fine 
wire,  thin  leaves,  powder,  or  in  the  spongy  form,  at  the  common 
temperature  of  the  air,  if  plunged  into  a  mixture  of  hydrogen  gas 

What  effect  on  the  combustibility  of  powdered  charcoal  arises  from 
mixing  with  it  sulphur  and  nitre  ?  How  m&y  the  spontaneous  combustion 
of  hay.  cotton,  ooflee,  oatmeal,  &c.  be  explauMdf  In  what  muuMr  may 

phoHj)horns  and  charcoal  hv  iiiflanind  ? 

*  Bee  Ann.  de  Chim. ;  and  Edinb^  Jown.  of  Scienoef  N»  8.  No.  8. 

t  See  Journ.  oTSoienee,  ed.  atJLI^  vet  x.  p,  454;  and  Ann.  of  £biloi>» 

vol.  xvi.  r  390. 
I  SilUmau  »  Journ.  of  Science 
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and  atmospheric  air,  wooM  almost  inataatly  take  fiM.")  Tke  pl^ 
tioa  becomes  heated,  presentljr  red  hot,  tbeo  it  attains  a  white 
heat,  and  immediately  the  hydrogen  inflames,  and  the  combustion 
eontimies  as  long  as  any  portion  of  the  combustible  elements  re- 
mains. Brewster  says:  **In  this  case  tbe  minutely-divided  pla- 
tina  d(  led  upon  the  hydrogen  ffas  in  the  same  manner  as  the 
minutely-divided  charcoal  acted  upon  common  air.  Heat  and 
combustion  were  produced  by  the  absorption  of  both  ?ases,  though 
in  the  one  case  the  effect  was  instantaoeoua,  and  in  me  other  was 
the  malt  of  a  prolonged  ahaorption.'** 

77»  Hiia  property  of  spongy  platina  has  been  happily  applied 
to  a  pQTpoae  of  much  practical  utility,  by  M.  Gay  Lnaaac,  m  the 
contriyanee  of  n  lamp  for  the  production  of  instantaneous  light. 
Improvements  or  modifications  of  this  instrument  have  been  made 
by  Mr.  Garden  and  others  ;  but  the  principle  on  which  the  appa- 
ratus is  constructed  is  tlie  same  in  all,  and  they  consist  oi  ar- 
rangements for  the  regulated  production  of  hydrogen  gas,  from 
the  solution  of  zinc  or  iron  in  diluted  sulphuric  acid,  and  by  open- 
ing a  Btop-eoek  throwing  a  cnneat  of  the  gas  on  a  mass  of  spongy 
plattoa,  which  becoming  red-hdt,  the  hydrogen  infl^ee»  and  af- 
fovla  the  meana  for  lighting  a  taper. 

78*  One  form  of  Gay  Lnssac'a  ap- 
paratna  ia  seen  in  the  annexed  figure. 
A  glass  yase  containing  a  solution  of 

sulphuric  acid  in  thf  proportion  of  one 
part  acid  to  1 5  or  20  of  vv  ater,  has  a  cover 
of  brass  nstin^  on  its  upper  rim,  to 
which  is  cemented  a  conical  glass  jar  of 
smaller  dimensions,  open  below  and  per- 
forated above*  for  the  escape  of  gas 
when  re(juired.  Faom  a  brase  rod  on 
the  intenor  of  this  second  jar,  ia  aua* 
pended  a  cylinder  of  zinc,  the  bottom  of 
which  is  nearly  as  low  as  that  of  the 
conical  jar.  A  stop  cock  above  the  brass 
plato  opens  a  communication  with  the  interior  glass  vessel,  and 
allows  the  hydrogen  gas  to  escape  through  a  small  pipe  or  nozzle, 
and  be  project^  on  a  bit  of  spongy  platina,  contained  in  a 
thimble-shaped  Teeeptacle  near  the  periphery  of  the  lid,  when 
it  aoon  beoomea  red  ttot,  and  ignites  the  jet  of  hydrogen  gas. 

79*  Nnmerons  experiments  were  made  by  MM.  Dolong  and 
Thenard,  with  a  view  to  elacidate  the  cause  of  the  inflammation 

What  is  the  nature  of  Ddberemer's  experiment  on  the  ignition  of  platioA  f 

What  explanatioaof  the  result  has  been  attempted  ? 

How  has  Guv  iMamc  applied  to  piaetical  paf|MMes  the  experiment  with 

spongy  platina? 
D^ribe  his  apparatus  ?. 


*  Sir  D.  firewster't ^atonl  Msgic^  p.  3ia 
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produced  by  the  contact  of  finely-di\rided  pktina  with  hrdfogea 

SB*  From  their  fesearehes  it  8|ipeaied-«>^K  That  pafladittiiiv 
idiam,  and  iridium,  have  the  same  effect  on  the  gas  with  pla* 
tana;  fl.  That  oamium  in  like  manner  produces  inflammation*  hut 
requires  a  temperature  of  45®  centigrade,  and  gold  inflames  at 
I'iO^ ;  3.  That  charcoal,  glass,  pumicrstonn,  and  porcelain,  have 
similar  eftrcts,  but  at  temperatures  near  250^  ;  4.  That  all  these 
bodies  lose  tht;  property  in  question  by  long  exposure  to  the  aily 
but  they  recover  it  on  being  calcined.* 

^  80.  Among  the  various  causes  of  spontaneous  combustion  that 
mlg^t  he  mentioned^  there  is  none  more  inteiestingr  or  canons  |han' 
that  ef  the  haroan  body,  many  inataneea  of  which  are  upon  record. 
Bat  the  anbject  will  again  be  noticed,  in  treating  of  the  efiect  of 
electricity  on  chemical  attraction,  and  theiefofe  need  not  be  Intro- 
duced here. 

Sl.'Hlevation  of  temperature  generally  promotes  the  chemical 
action  of  bodies.  Its  influence  in  many  cases  appears  to  depend 
on  the  diiiiiiiution  of  cuhesion,  or  the  separation  of  the  particles  of 
matter  by  heat,  when  expansion  or  liquefaction  takes  placeJ 
Bat  its  effects  are  sometimes  more  complicated  and  obscure ;  ana 
the  phenomena  indicate  an  ohnous  correspondence  between  heat 
and  electricity  or  galvanism.  /  A  remarkable  instance  of  the  in- 
fluence of  heat,  in  conjunction  With  light  on  the  chemical  union  of 
bodies,  may  be  pointed  out  in  the  production  of  muriatic  acid  from 
the  mixture  of  chlorine  and  hydrogen  gases,  noticed  above.  When 
the  proper  quantities  of  these  gases  required  to  form  the  compound 
are  mingled  in  a  glass  jar,  so  long  as  light  and  heat  are  excluded 
no  couibin^tion  takes  place,  but  if  the  mixture  be  exposed  to  the 
direct  rays  of  the  son,  detonation  ensues,  and  muriatic  acid  gras  is 
formed ;  and  the  same  effect  is  prodoeed  by  introducing  into  the 
jar  a  lighted  taper,  or  passing  through  its  contents  an  electric  spark. 

89*  It  must  he  observed,  that,  though  elevation  of  temperaiure 
tea  certain  extent  may  facilitate  the  chemicaPunion  of  bodies,  the 
effect  will  depend,  in  any  given  case,  on  the  adaptation  of  the  de- 
gree of  heat  to  the  particular  process.  Thus  mercury  exposed  to 
the  contact  of  atmospheric  air  at  the  temperature  of  nearly  680** 
Fahrenheit,  in  a  proper  vessel,  combines  with  oxygen  to  form  the 
red  oxide  of  mercury,  which  substance,  when  exposed  to  a  red 
lieat,  1275^,  becomes  decomposed,  retnsning  to  the  state  of  metal- 
lic mercury  and  oxygen  gas* 

83.  Temperatnre  has  generally  a  great  influence  on  the  solvent 
/^ower  of  water,  and  also  on  that  of  other  liquids.   Hot  water  ift 

What  four  results  did  Didong  and  Tfaeaaid  obtain  from  their  ezperi- 

menls  on  this  .subject  f 

What  eflfect  has  elevation  of  temperature  on  chemical  attraction  ? 

On  what  does  this  tllbet  appear  to  depend  ? 

What  remarkable  example  of  this  can  be  exhibited  ? 

What  diversity  of  eSectft  may  belbnnd  to  arise  ilrom  diflereat  degrees  , 
of  elevauon  in  temperature  ? 

*  Fottillet  £14m.  de  Rhys.,  vol  i.  pp.  425. 496. 
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capable  of  holding  in  solution  larger  (juantities  of  most  substances 
than  cold  water:  thus,  saltpetre,  or  nitrate  of  potash,  and  chlorate 
of  potash,  are  much  more  readily  soluble  m  water  at  a  high  than 
at  a  low  temperature  ;  and  with  regard  to  many  other  saline  bodies 
the  dissolving  power  of  the  liquid  is  increased  by  augmentation  of 
temperature.    But  this  is  by  no  means  always  the  case.  \Vater 
cooled  to  nea^  the  freezing  point,  will  t^ke  up  almost  double  the 
quantity  of  caustic  lime  that  can  be  held  in  solution  by  boiling 
water.;   Glauber  salt,  or  sulphate  of  soda,  is  most  readily  soluble 
in  water  at  about  92°  Fahrenheit  J  (33°  cent.,)  the  solvent  power 
of  water  with  respect  to  that  salt  increasing  with  the  augmenlation 
of  TeaT  up  to  that  point,  after  which  it  diminishes  to  215^  at  which 
temperature  nearly  the  same  relative  quantity  of  the  salt  will  be 
taken  up  as  at  87°.     «eleniate  of  soda  likewise  is  more  soluble 
at  92°  (33°  cent.)  than  at  a  higher  or  lower  temperature. 

Paris 
80 


C  0° 
F  32° 


10** 

50" 


20° 
08° 


30° 
80° 


110*» 
230« 


40°    50°    00°    70°    80°    90°  100° 
1040  122"  MOO  158°  170°  194°  212° 
„    .         r  S  M.  sulphate  of  mngncsia  (anhydrous.) 

S.  P.  sulphate  of  potash. 

'  What  effect  has  elevation  of  temperature  on  the  solvent  power  of  liquids  ? 

H=-lrt?rwr^^^^  or  0.e 

iulphate  or  the  «elemate  of  soda  ?  quantity  of  water  dissolve  as 
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84.  The  relation  between  tempentare  end  toltibilitj  wttl  be 

most  distinctly  perceived  from  the  inftpection  of  the  jireeeding;' 
table.  The  vertical  line  of  figures  indicates  the  respective  por-  -J 
tions  of  several  salts,  taken  np  by  100  parts  of  water,  and  the 
horizontal  line  of  figures  denotes  the  teni})tiratures  of  which  the 
solutions  take  place.  The  line  which  is  marked  Chi.  S.,  shows 
the  solnbili^  of  chloride  of  •odium,  (common  eelt,)  and  it  eats 
the  perpendicolar  linee  ail  at  the  same  Jieight  No.  37,  which  indi^ 
cates  that  one  buadzed  parts  of  water  will  at  all  temperatures  dis- 
solve 37  parts  of  common  salt.  The  iine  marked  Chi.  B.,  anhydrous 
chloride  of  barj^um,  cuts  the  perpendicular  line  marked  0°  at  No, 
31,  that  which  is  marked  55°  at  No.  45,  and  that  marked  110°  at 
No.  61  .  hence  it  must  be  understood  that  100  parts  of  water 
will  take  np  31  parts  of  anhydrous  chloride  of  baryum  at  zero, 
45  parts  at  55°,  and  61  parts  at  110°.  The  line  marked  S.  S., 
snlpliate  of  soda,  rises  to  33^  and  then  descends,  denotiii^  the 
sulphate  to  be  most  sclnble  at  that  tempeiatiiie,  as  aboTe  stated* 
"  The  manner  in  wliidi  the  yarious  influence  of  temperature  on 
other  salt  is  exhibited  in  this  table  will  be  snffieieaUy  obYious 
from  the  preceding  examples.* 

85.  (4.)  The  influence  ofelectricity  on  chemical  processes,  attract- 
ed the  attention  of  philosophers  before  the  middle  of  the  last  century,  j 
when  it  was' ascertained  that  ether  migrht  be  fired  by  the  electric 
spark ;  and  the  deflagration  of  spirit  of  wine,  fulminating  gold, 
aiid  some  other  inflammable  bodies,  was  soon  after  effected  by  ^e 
same  means.  More  recent  researches  evinced  the  possibili^  of 
producing  tiie  combustion  of  iron  wire  by  exposing  it  to  the  shock  of 
an  electric  battery.  The  metal  is  thus  oxidated  in  the  same  manner 
as  by  the  violent  friction  caused  by  striking  fire  with  a  flint  and 
steel.  Other  metals,  as  well  as  iron,  may  be  made  to  undergo 
combustion  by  exposing  them  to  the  charge  of  a  battery  of  elec- 

» trie  jars.  A  fine  gold  wire  may  thus  be  burnt,  yielding  a  bluish- 
white  flame,  and  the  product  will  be  a  protoxide  of  gold,  in  the 
State  of  an  impalpable  purple  powder.  Silver  wire  may  in  the 
same  manner  be  made  to  bum  with  a  green  flame;  and  corres- 
pondinffjphenomena  take  place  with  tlie  other  metals. 

86.  ^The  eflect  of  the  electricity  of  excited  jars  on  the  combi« 
nation  of  eases,  was  the  subject  of  experiments  by  Mr.  Waltirey 
Dtr.  Priestly,  and  Mr.  CaYendish ;  and  the  latter,  about  1776,  thus 

How  early  was  the  connection  between  electrical  and  chemicul  actions 
diMoveredT 

What  observations  led  to  this  discovery  ? 

What  cfl^oft  has  a  discharge  of  electricity  on  fine  iron  wire  ? 

When  and  by  whom  was  the  action  ofelectricity  on  gases  investigated  7 

*  This  Table  is  takrn  from  Mitsrher!irir>4  Introduction  to  Chemistry 
(Genu.),  Berlin,  1832  Bvo.  vol.  i.  p.  287.  The  temperatures  are  given  ac< 
cording  to  the  scale  of  both  the  centigrade  and  Fahrenheit's  thermometer. 
In  this  and  all  similar  cases  the  student  will  change  degrees  cemisrado 
into  those  of  t  uh.  by  taking  9-5ths  of  the  number  ot*  the  fonoer  and  ad« 
ding  lo  it  ^^Jf'.-^Mki. 
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produced  water,  by  firing  a  mixture  of  bydro^en  gas  and  atmos- 
pheric air ;  and  he  also  obtained  nitric  acid,  by  employing  elec- 
tricity to  determine  the  combination  of  oxygen  and  nitrogen;^  (la 
1781,  Lattdeier  and  Laplace  made  important  experiments  oli  the 
development  of  electricity  in  the  evaporation  of  liquids,  and  thB 
Bolution  of  solids,  as  when  metals  are  dissolved  in  diluted  acids; 
and  from  the  latter  researches  of  Becquerel,  at  Paris,  it  may  be 
concluded  that  electricity  is  evolved  in  s^l  cases  of  chemical  so" 
lution.* 

87.  The  relation  between  electrical  and  chemical  attraction  has 
been  confirmed  by  the  discovery  of  Galvanic  or  Voltaic  electric!^, 
the  effects  of  which  manifestly  depend  on  the  same  peooliar  snergy 
that  gives  rise  to  the  phenomena  of  the  Leyden  phial,  f  It  has  beea"^ 
ascertained  that  chemical  deoompositions  and  combinations  can 
be  accomplished  more  easily  and  readily  by  means  of  the  Voltaic 
pile  or  battery,  than  by  the  aid  of  an  electrical  machine  and  the 
apparatus  belonjrincr  to  it.  ' 

88.  Some  notice  has  been  taken  of  the  chemical  power  of  the 
Voltaic  battery  in  the  preceding  volume  of  this  work,  to  which  the 
reader  is  referred  for  an  account  of  the  construction  of  Galvanic 
or  Voltaic  troughs,  for  the  reception  of  aiiio  and  copper  plates 
with  an  interposed  fluid,  which  may  be  used  for  the  production 
of  Tarlous  chemical  phenomena.*  With  such  a  Voltaic  bsKtery, 
water  and  other  chemical  compounds  in  a  fluid  state  may  be 
decomposed,  merely  by  dipping  the  extremities  of  two  wires 
communicating  with  the  opposite  poles  of  the  battery  beneath  the 
surface  of  the  mass  of  fluid,  and  thus  causing  the  latter  to  form 
part  of  a  Voltaic  circle.  The  decomposition  oi  a  saline  substance, 
as  sulphate  of  soda,  may  be  thus  effected,  by  using  a  glass ' 
tube  bent  so  that  the  angular  part  may  fit  into  a  coq^on 
wine-glass,  which  will  serve  to  support  it.  Then  pip  the^^^^to 
ends  of  the  tube  insert  two  wires  or  strips  of  platina  foil,  which 
may  reaoh  nearly  to  the  angle,  but  must  not  come  in  jontact ;  fill 
the  tube  with  a  solution  of  the  sulphate,  and  connect  one  of  the 
wires  with  the  zinc  or  negative  pole,  and  the  otheijWith  the  cop- 
per or  positive  pole,  of  a  Voltaic  battery,  and  the  salt  will  be 
decomposed,  the  alkali  or  soda  collecting  in  the  leg  of  the  inverted 
siphon  or  tube  in  connexion  with  the  negative  pole,  and  the 
sulphuric  acid  in  the  part  of  the  tube  connected  ^ui  the  posttivB 
pole.  * 

89.  In  all  cases  of  decomposition  by  means  of  electricity 
whether  derived  from  the  friction  of  glass*  ^  by  the  common 

What  general  truth  in  regard  to  this  subject  appears  to  result  irom  the 
experiments  of  Lavoisier,  Laplace  and  Becquerel  ? 
What  aid  has  the  diioovery  of  Galvaai  ainbided  hi  the  study  of  dteeffo- 

"chemlgtri/  f 

.  Describe  the  maimer  in  which  a  saline  substance  may  be  decomposed 
by  Galvanic  electricity  f* 


*  See  Sciefitific  Chwi  Book,  part  i.  page  440  to  446  faiolusive. 
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machino,  or  from  the  contact  of  perfect  and  imperfect  conductors, 
as  in  the  Voltaic  battery^  it  will  be  found  that  one  of  the  constitu- 
ent elements  of  the  body  undergoing  decomposition  will  be  evolved 
at  the  negative  pole,  and  the  other  at  the  positive.)  '^ence  it  must 
be  concluded,  that  the  bodies  thus  separating  must,  with  respect 
to  each  other,  be  actuated  by  opposite  kinds  of  electricity  l(^and 
the  observation  of  this  phenomenon  has  led  to  an  arran«j4ment 
of  bodies  in  two  classes,  namely,  electro-negative  and  electro- 
positive substance6il;(all  those  kinds  of  matter  which  are-attract- 
ed by  the  positive  pole  of  a  Galvanic  battery  being  included  in 
the  former  class,  and  all  those  attracted  by  the  negative  pole  in 
the  latter  class.)  .  • 


91.  Thus  in  the  decomposition  of  water  in  the  apparatus  repre- 
sented in  the  accompanying  figure,  the  wire  Z  c^jnnected  with  the 
zinc  plate  or  pole  of  a  Voltaic  appargilus,  &c.,  with  the  negative 
there  will  be  from  the  end  of  the  piatina  wire  P,  a  developementot 
oxygen,  and  from  N  an  escape  of  double  the  bulk  of  hydrogen,  both 
of  which  rising  into  their  respective  branches  of  the  tube  will  be 
collected  at  O  and  at  II.  But  though  the  distinction  between  the 
electro-negative  and  the  electro-positive  bodies  is  sufficiently  ob- 
vious in  the  decomposition  of  compounds  of  two  bodies  of  the 
opposite  classes,  yet  it  requires  modffication  when  applied  to  com- 
pounds resulting  from  the  union  of  two  electro-negative  or  two 
electro-positive  bodies  respectively.  • 
V  92. 'Oxygen  when  separated  from  its  combination  with  other 
simple  bodies  by  electricity,  is  always  evolved  at  the  positive 
pole;  and  it  may  therefore  be  concluded  that  it  is  the  most  electro- 
negative of  all  known  substances.'  It  forms  compounds  with 
chlorine  and  the  other  electro-negative  elements,  constituting  the 
chloric,  iodic,  and  bromic  acids  ;  and  when  these  are  decomposed 
by  the  Voltaic  battery,  the  oxygen  is  evolved  at  the  positive  pole, 
and  the  chlorine,  iodine,  or  bromine,  at  the  negative  pole.  In  the 
same  manner  the  electro-positive  elements  enter  into  union  with 

What  remnrkable  circumstance  always  attends  decomposition  by  mnana 
of  electricity  ? 
What  inference  are  we  allowed  to  draw  from  this  fact? 
What  constitute  the  class  of  electro-negative  bodies  ? 
What  the  electro-posiiive  ?  ■** 
To  which  pole  does  the  electro-negative  matter  passf 
Under  what  circumstances  will  it  disappear  ? 
Describe  the  apparatus  for  decomposing  water? 
Which  is  the  most  electro-negative  of  ^own  bodies? 
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each  other,  fonning  componnds  which,  when  electrically  decom- 
posed, manifestly  indicate  gradations  of  electric  energy  among 
them.  I  Sulphur,  which,  with  respect  to  oxygen,  chlorine,  iodine, 
and  bromine,  and  probably  some  other  simple  bodies,  is  electro- 
positive, becomes  electro-negative  when  combined  with  hydrogen ;) 
for  when  a  compound  of  sulphur  and  hydrogen  is  decomposed  by  • 
Voltaic  electricity,  the  sulphur  appears  at  ihe  positive  pole,  and 
the  hydrogen  at  the  negative.  \^^he  sulphurets*  of  carbon,  phos- 
phorus^nd  many,  if  not  all  the  metals,  exhibit  similar  phenomena. 

93.  Hence  it  appears,  that  sulphur  is  only  relatively  electro- 
positive, as  in  its  combinations  with  oxygen,  while  it  becomes 
electro-negative*  by  being  united  to  hydrogen,  carbon,  phosphorus,^ 
and  the  metals. Experiments  are  wanting  to  enable  us  to  as- 
certain how  far  the  electricity  of  all  bodies  is  merely  relative,  or 
whether  the  disposition  of  bodies  to  be  attracted  by  the  positive 
pole  of  a  Voltaic  pile  or  battery,  which  seeijis  to  exist  in  the 
strongest  degree  in  oxygtiii,  descepils^  by  a  regular  gradation 
throughout  the  catalogu*^  jjk  iStanceS.  We  may  remark, 
however,  that  while  tlio6aj|JI^  ..  "*^een  designated  electro- 
negative bodies  display  ttRriighes/'^lecfro-chemical  energy,  or 
tendency  to  be  attracted  frSm  their  compounds  by  the  positively 
electrified  wire,  hydrogen  and  some  of  the  metals  seem  to  have  in 
an  extreme  degre(i^the  contrary  disposition  to  be  attracted  by  the 
negative  wire. 

94.  The  influence  of  electric  attraction  on  the  chemical  affini- 
ties of  bodies  is  especially  observable  in  the  combination  of  metals 
with  oxygen,  and  in  the  decomposition  of  metallic  salts,  fure  pot- 
ash or  vegetable  alkali  is  a  compound  of  oxygen  with  the  metal 
called  potassium  ;  and  the  aflJinity  between  those  bodies  is  so 
strong  that  chemists  were  long  baflled  in  their  attempts  to  effect 
their  decomposition. )  At  length  Sir  H.  Davy  succeeded,  by  ex- ' 

"  posing  moistened  potash  to  the  action  of  a  Voltaic  battery  ;  thus 
augmenting  the  respective  electro-chemical  energies  of  the  oxy- 
gen and  the  metal,  they  were  severally- attracted  by  the  wires 
connected  with  the  opposite  poles,  and  the  former  was  evolved 
at  the  positive,  while  the  latter  (the  metallic  potassium)  made 
its  appearance  at  the  negative  pole. " 

95.  Some  other  curious  and  interesting  phenomena,  relating  to 

What  is  the  relative  electric  condition  of  sulphur  compared  with  that 
of  hydrogen,  carbon,  phosphurus,  and  metals  ? 

What  substances  appear  in  the  highest  degree  electro-positive? 

In  what  cases  is  electric  attraction  most  remarkable  in  modifying  che- 
mical action  f 

What  striking  example  of  this  is  afibrded  in  the  history  of  chemistry  ? 
With  which  electrical  pole  must  a  metal  capable  of  oxidation  by  an  acid 
be  connected  in  order  to  prevent  that  effect  ? 

*  For  some  interesting  and  curious  observations  on  the  electro-chemical 
pro|)erties  of  sulphur,  see  "  Report  on  the  Recent  Progress  and  Present 
State  of  Chemical  Science.  By  James  F.  W.  Johnston,  A.  M."  Reports  of 
the  British  Association  for  the  Advancement  of  Science,  1832,  pp.  440-442. 
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tiie  aflinities  between  metals  and  acids  may  here  be  jiotit^ed,  as 
tending  to  illustrate  the  influenee  of  electricity  on  the  chemical 
unien  of  bodies*  Metals  may  be  immersed  in  hqaid  acids,  whfeh 
under  common  eircamttances  reduce  them  to  the  state  of  oxtde^/ 
bat  the/action  of  SQch  acids  may  be  suspended  by  rendering  the 
metjil  electro-npg^tive,  or  placing  it  in  communication  with  the 
negative  pole  of  a  Voltaic  battery.*^  If  two  polished  plates  of  iron 
or  copper  be  plun^d  in  diluted  sulphuric  acid,  one  of  thp 
plates  of  either  metal  havingr  been  connected  with  the  positive 
wire  of  a  Voltaic  battery,  and  the  other  plato  of  the  metal  con- 
nected wilh  the  negative  wire,  it  will  presently  be  perceived  that 
the  plate  renderad  positive  will  become  tarnislSed  and  corroded  by 
the  action  of  the  acid,  while  it  will  take  no  elfeet  on  the  negative 
plate,  which  will  remain  as  bright  as  before  immersion.  Silver 
unprotected  is  readily  acted  on  by  diluted  nitric  acid,  which  dis- 
solves the  metal  placed  in  contact  with  it,  just  as  sulphuric  acid 
dissolves  iron ;  *but  if  the  silver  be  rendered  electro-netrnlive^  it  is 
enabled  to  resist  the  pow^ ,  of  the  acid,  even  when  long  immersed 
in  it.  ' 

96.  As  electricity  is  evolved  by  the  contact  of  different  metals 
with  water  and  other  fluids,  hence  it  sometimes  happens  that  two 
metals  eenneeted  together  and  plunged  in  an  acid  or  saline  liquid, 
may  form  a  Icind  of  miniature  Voltaic  apparatus,  and  the  common  ef- 
fect of  the  rhenstruum  is  augmented  with  respect  to  one  of  the 
metals,  and  controlled  or  suspended  with  respect  to  the  other. 
Let  a  small  piece  of  sheet  copper  be  dropped  into  a  tumbler-^lass, 
containing  two  drams  of  nitric  acid  diluted  with  ten  drams  of 
water,  and  in  a  short  time  enough  of  the  metal  will  be  dissolved 
to  give  a  bluish  tint  to  the  liquid  :  the  addition  of  a  few  drops  of 
liouor  of  ammonia  will  increase  considerably  the  depth  of  the 
colour,  and  render  it  more  perceptible.  INow,  if  a  plate  of  copper 
united  to  one  of  zinc  be  immersed  in  an  acid  mixture  of  the  same 
kind,  it  will  not  act  at  all  on  the  copper,  but  will  more  rapidly  ^ 
dissolve  the  zinc  than  if  that  metal  were  plunored  in  it  alone.  ) 
That  the  copper  in  this  case  is  protected  by  the  zinc  from  the 
action  of  the  acid  menstruum,  will  appear  on  dropping  into  it  liquor  \ 
of  ammonia,  as  before;  for  it  will  now  produce  no  effect,  smce 
though  that  alkali  communicates  a  blue  or  purple  colour  to  solu- 
tions of  copper,  no  snch  change  takes  place  on  adding  it  to  those 
of  sine.  Iron  may  thus  be  welded  from  tihe  dissolving  power 
of  acids,  as  will  appear  by  immersing  a  polished  plate  of  that 
miStal,  with  one  of  zinc  attached  to  it,  in  any  weak  acid,  as  the 
muriatic,  (spirit  of  salt,)  largely  diluted  with  water;  for  while  the 
zinc  will  undergo  solution,  the  plate  of  iron  will  remain  bright 
and  untarnished,  though  if  plunged  in  the  diluted  acid  alone,  it 
would  be  acted  upon  immediately. 

ITow  may  silver  be  preserved  from  c  orrosion  when  immersod  in  nitric  acid? 
How  may  Uie  preservation  ot  copper  from  currusiou  in  salt  water  be  ef- 
leried  ? 

How  it  it  pwved  that  in  this  case  no  copper  it  dunolved  I 
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97«  On  the  observalion  of  the  electrochemical  effects  of  Iho 
fMmtaet  of  metftto  wm  founded  a  uethodflDroposed  by  Sir  H* 
Davy,  for  piaserTing  the  copper  shoakhing  ot  ships  from  Ihe  cor- 
roding action  of  sea-water.)  It  has  long  been  the  custom  among 
flkip-Saiiders  to  cover  the' outar  surface  of  the  hulls  of  large 
vessels  with  sheets  of  copper,  the  durability  and  consequent  ad- 
vantages of  which  were  found  to  be  greatly  diminished  by  the 
action  of  the  saline  matters  containea  in  the  sea-water  on  the 
metal,  producing  oxidation,  corrosion,  and  decay. 

98.  The  plan  proposed  for  the  prevention  of  these  injurious 
eitets  of  Ihe  a^osnre  of  the  copper  sheathing  of  ships  to  the  ae» 
tloB  of  sea-water  dnrinr  long  voyages,  consisted  fixing  to  tha 
aur^e  of  the  copper  plates  of  ainc  or  iron,  called  protectors,  the 
effbct  of  which  was  to  render  the  copper  electro-negative,  and  than 
prevent  it  from  attracting  oxygen  irom  the  water,  or  substances 
held  in  solution  in  it the  protectors  themselves  becoming  oxi- 
dated and  greatly  dissolved,  while  the  copper  was  preserved. 
Experiments  conducted  on  a  small  scale,  and  for  a  very  limited 
period,  (showed  that  the  eflect  iulended  might  certainly  be  pro- 

*  doeedf  out  it  was  fonnd  that  when  a  copper-bottomed  teasel  was 
nrmed  with  Davy's  protectors,  though  the  copper  in  the  course 
of  a  long  Toyage  was  prevented  by  its  electrcnnegatiye  energy 
from  becoming  oxidised,  yet  from  the  sasie  cause  it  powerfnuy 
attracted  from  the  sea-water  earthy  matter,  such  as  lime,  magne- 
sia, and  other  electro-positive  bodies  dissolved  in  it,  and  thus  ac- 
quired a  rou^h  coating,  to  which  marine  plants  and  animals  be-  ) 
came  attached  so  abundantly  as  to  prove  a  serious  inconvenience. 
The  failure  of  this  plan,  under  such  circumstances,  only  serves 
more  strikingly  to  illustrate  the  principle  under  consideration. 

99.  In  the  whole  range  of  nperimentsl  chemistry  there  are  few 

J phenomena  more  cnriona  or  heantifiil  tkian  those  exhibited  bj  metsl- 
b  aiboiizations,  or  ^e  depositions  of  crystsllixed  metalsy  from  the 
decomposition  of  metallic  salts.  An  attention  to  the  manner  in 
which  such  experiments  are  conducted  will  enable  us  to  trace  a 
strong  analogy  between  those  processes,  and  some  of  the  instances 
of  electro-chemical  decomposition  previously  adduced. 

100.  The  production  of  the  Tree  of  Diana,  {Arbor  Dianas,^  a 
process  said  to  have  been  invented  by  Lemery,  a  French  chemist, 
in  tiie  be^nning  of  the  Isst  century,  mnst  have  excited  ihe  admi* 
lation  or  many  persons  ouite  unacquainted  with  chemistry.  (  To 
forai  this  crystallization,  let  six  drams  of  a  saturated  solution  of 
pore  silver  in  nitric  acid,  and  four  drams  of  a  aimilar  solution  of 
mercury  in  the  same  acid,  be  diluted  with  five  ounces  of  distilled 
water,  and  poured  into  a  small  decanter  or  g]fli=!s  phial ;  then  com- 
pose an  amalgam,  by  mixing  one  part  of  hneiy-divided  silver 

By  whom  was  the  applieatioii  of  these  fiicti  to  practical  purpotet  nig« 

gcMed  ?    Explain  the  purpose  to  which  they  wore  applied, 
in  what  manner  is  a  ship's  copper  protected  from  corrosion  ? 
What  inconvenience  arose  from,  the  use  of  Davy's  protectors  f 
Explain  the  eiperinmt  called  Arbor  Dians  f 
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tricity  pomestinif  tuoli  a  depee  of  intensity  as  is  reqaisita  to  in- 
flame combustible  matter.  Several  instances  of  the  evolution  of 
electric  fire  from  animal  bodies,  when  excited  by  friction,  are 
mentioned  in  the  trt-aiise  on  Klcctricity ;  *  and  others  in  which 
these  appearances  were  accompanied  with  actual  combustion,  are 
noticed  in  Sir  D.  Brewster's  Letters  on  Natural  Magic. f  To  what 
eiTcamsttnees  the  production  of  electric  sparks,  that  could  set  fire 
to  inflammable  Tapoofa,  ahodd  lie  ascribed^  in  any  gifen  eaae  of 
spontaneona  combnation,  can  only  be  conjectured ;  but  aa  meet  of 
toe  accidents  referred  to  occurred  to  persons  while  in  bed^  it  ja  not 
impossible  that  the  electricity  mitrht  be  excited  by  the  preaaora  or 
friction  of  the  body  on  the  materials  of  the  hed.^ 

^   117.  (5.)  This  very  important  law  of  chemical  affinity,  is  intimate- 
ly connected  with  the  second  law.   Though  chemical  combination 
takes  place  between  molecules  inconceivably  minute,  yet  their  v 
union  m  arefy  case  ds  regulated  by  fixed  and  definite  proportions.  / 

^Aa  to  the  nature  of  thrtttoma  or  partlclea  of  the  respective  bodiea 
with  which  we  are  acquainted,  we  know  nothing  c(  rtain.)  For 
inatanoBt  ^ch  combining  molecule  of  oxyeen,  of  hydrogen,  of 
carbon,  or  of  snlphur,  may  consist  of  several  component  particles 
or  sub-molecLilcs  ;  for  there  is  nothing  inconsistent  in  supposing, 
that  though  matter  is  not  physically  capable  of  infinite  subdivison, 
yet  that  molecules  may  exist  far  more  attenuated  than  those  of  the 
moat  aimple  aabatance  which  haa  hitherto  fallen  within  the  range 
of  onr  obaarvation, 

118.  The  development  of  the  orinciple  inyolved  in  thia  law 
need  not^  however,  be  embarrassed  by  any  considerations  drawn 
from  the  questions  that  have  been  ac^itated  relative  to  the  divisi- 
bility of  matter;  for  the  term  atom  here  is  not  to  be  taken  in  its 
strictest  acceptition,  (which  would  im[)ly  indivisibility,)*  but 
merely  as  denoting  tiie  unit  of  combination,  or  the  proportional 
mass  or  quantity,  in  which  a  given  body  unites  with  other  bodies,  j 
It  mav,  perhaps,  be  defined  to  be  the  amalleat  quantity  to  which 
each  body  or  kind  of  matter  can  be  reduced,  without  loosing  ita 
eaaential  properties  as  a  chemical  a^ent,  and  especially  that  pre* 
perty  in  virtue  of  whiQjf|t  entera  uto  comhifition  with  othe%. 
bodies. 

lid*  The  relations  of  the  combining  proportions  or  atomic 

How  is  tlie  union  of  diiferenl  materials  regulated  in  regard  to  the  number 
ofatomsf 

Are  we  able  to  assign  the  absolute  nature  of  tho  combininp  particles? 
How  is  the  term  atom  as  employed  by  chemists  to  be  deiiued  ? 

*  See  Scientific  Class  Boe|Lj>t.  i.  p.  446 — 7. 
•     t  See  Lett  xiii.  pi».S21, 

t  If  we  could  snppase  a  portttgi  of  the  phospluirus  combined  with  the 
body^  lo  l>e  extricated  in  cunii|Mh  wilh  hydrogen,  the  combubLioii  wuuM 
admit  of  a  ready  solution,  siiinRnosphuretted' hydrogen  always^kcs  fire 
in  coming  to  tho  air.  * >  -  ^..r  , 

^  From  iftti  Gieek"^T*/*«i>  iMiniMible  derived  from  the  priiM|Mgkand 

T£f*v>»t  to  vui.        *  ^^^^ 
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wiule  the  iwft  aad  copper  m  oxidised  end  beeome  cdoored. 
Now  with  a  bibaII  pointed  stick  the  metallic  remifications  may 
bo  arranored  in  any  ^urcs,  and  the  flame  of  a  taper  held  under 

the  plate  will  promote  the  evaporation  of  the  liquid,  facilitate 
the  mutual  action  of  the  metals,  and  by  blackeiiitiir  the  under 
aide  of  the  plate,  form  a  sortof  ground  for  the  design  traced  out.* 

104.  In  this  and  many  other  processes  of  a  corresponding  cha- 
racter, the  effects  may  with  probability  be  attributed  to  the  con- 
trast of  tho  olectio-poaitiTe  and  'electro-negatitre  energies  of  the 
bodies  brought  witnin  the  sphm  of  each  other's  action. .  And 
tlioa^h  many  topics  of  leseardi  with  regard  to  electro-chemistry 
lemam  for  investigation,  it  may  be  concluded  fron  what  is 
already  known,  that  bodies  attracting  each  other  to  form  chemical 
compounds  will  always  exhibit  opposite  states  of  electricity,  and 
compounds  may  be  decomposed  or  combinations  prevented  by, 
alterinnr  the  reiiitiye  electricities  of  the  bodies  whose  union  is  thus 
interrupted.  } 

105.  Some  writers  hare  coaaddered  electricity  as  the  general 
cause  of  combustion ;  and  the  receat  discoveries  of  philosophers 
retaUve  to  the  intimate  connection  between  electricity,  magnetisffly 
and  heat,f  afford  groun<ki  Ibr  oondadiog  that  the  peculiar  Energy 
which  gives  rise  to  electric  phenomer»a,  may  extend  its  influence  to 
all  cases  of  chemical  combination,  and  especially  to  those  which 
are  accompanied  by  the  extrication  of  light  and  heat.:(:  In  illus- 
trating the  third  law  of  chemical  affinity,  or  that  which  relates  to  , 
the  influence  of  temperature,  examples  have  been  given  of  cases 
of  spontaneous  combustion,  which  are  traced  to  the  cYolation  of 
heatf  in  consequence  of  the  absorption  of  atmospheric  air^  or  the 
oxygenous  portion  of  it,  by  large  masses  of  comoustible  matter.^ 

•  That  electncity  is  concerned  in  the  production  of  these  pheno- 
mena is  at  least  highly  probable,  thoudi  it  maybe  difficult  to 
determine  its  mode  o?  action.  In  the  still  more  remarl^  iMc  and  in- 
terestinnr  cases  of  the  spontaneous  combustion  of  the  human  body, 
of  which,  unfortunately,  tht  re  are  many  perfectly  authenticated  on 
record,  circumstances  may  be  pointed  out  which  strongly  indicate 
the  influence  of  electricity.  ^ 

How  may  the  surface  of  glass  be  coated  wiih  metallic  deposit*  ? 

What  luuv  be  inl'erred  from  fads  already  known,  in  regard  to  the  electri- 
cal itBtes  or  bodies  acthiff  chemically  on  each  other? 

What  may  we  conclude  with  respect  to  electio^heniical aciUMl fiom the 
diacoveriea  in  other  departments  of  acteace  ? 

*  Journal  of  Science,  ed.  at  It  Inst,  vol.  z.  n.  181 ;  fiom   Attnalea  dm 

Chimie." 

tSee  Sctenlific  Class  Book,  pt.  i.  pp.  449,  450. 

I  "  Combustion,"  observes  Mr.  Brande,  "may  be  connected  with  the 
electrical  ener^ie!«  of  bodies;  for  all  bodies  which  powerfully  act  upon 
iBach  other  are  m  tho  opposile  electrical  states  of  positive  and  negnlive ; 
and  the  evolution  of  heat  and  light  may  depend  upon  the  annihilation  of 
these  opposite  states,  which  happens  when  they  combine." — Man.  of  Chem 
vol.  I.  p.  143.  ^ 

(  See  above  Nos.  72  to  Si  inclusive. 
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1'21.  If,  then,  we  trace  the  combinations  of  oxypren  with  eithrr 
of  the  other  bodies  in  this  table,  it  will  appear  that  it  unites  in  the 
ratio  of  I  aUna  of  oxygen  to  1  of  base,  I  to  2  of  base,  &c.  Thus 
carbon  combines  with  oxygen  in  two  proportions,  constitutingr 
two  distinct  eompouads.  la  the  proportion  of  6  carbon  to  8 
oxygen,  it  unites  to  form  carbonic  oxide ;  and  in  that  of  6  to  16 
oxygen,  it  forms  carbonic  acid.  Therefore  6  has  been  reckoned 
the  atomic  weight  of  carbon  ;  and  hence  it  will  follow  that  car> 
bonic  oxide  is  a  componnd  of  1  atom  of  each  of  its  constituents, 
and  that  carbonic  acid  consists  of  1  atom  of  carbon  with  2  of  oxy- 
fren.  Further,  with  sulphur,  oxygen  may  unite  in  three  propor- 
tions: the  first,  or  hyposulphurous  acid,  composed  of  IG  sul- 
phur+S  oxygen,  or  1  atom  of  each;  the  second,  or  sulphurous 
acid,  of  164- 1 C,  or  1  atom  of  sulphur  to  3  of  oxygen ;  and  the  third, 
or  sulphuric  add,  of  16+94,  or  1  atom  of  sulphur  to  3  of  oxygen. 

19S.  The  Yarious  simple  bodies  not  only  combine  with  oxygen 
IB -quantities  which  are  multiples  or  submultiples  of  their  atomic 
-  weights,  but  they  also  combme  in  the  same  manner  with  other 
bodies.  Hydrogen  forms  two  definite  compounds  with  sulphur, 
Sulphuretted  hydrogen  consists  of  1  hydrogen-)- 16  sulphur,  or  1 
atom  of  each  body  ;  and  supersulphuretted  hydrogen  of  1+32,  or 
1  atom  of  hydrogen,  and  2  of  sulphur. 

133.  If,  however,  we  pursue  the  examination  of  the  rehuiva 
combining  ratios  of  simple  bodies,  we  diall  find  eome,  the  pro- 
portions of  whose  compounds  cannot  be  so  satisfactorily  delei^ 
mined,  as  those  last  mentioned.  In  the  first  place,  it  sometimes 
happens  that  the  only  known  combination  existing  between  two 
bodies  is  not  in  the  proportion  which  would  be  indicated  by  the 
numbers  representing  their  respective  chemical  equivalents.  Thus 
1  hydrosfon  comhines  with  8  oxygen,  and  the  latter  with  11  nitro- 
gen. We  should  therefore  infer  that  the  quantity  of  hydrogen 
which  would  combine  with  14  of  nitrogen,  ought  to  be  l,.wheisaa 
it  is  3  ^(^e  only  known  compound  of  the  latter  ingredients  being 
ammonia,  which  conabts  of  H  by  weight  of  nitrogen  and  3  of 
hydrogen:\ 

124.  In  other  cases,  where  several  combinations  of  tw*o  bodies  • 
occur,  the  ratio  between  the  numbers  is  not  as  1 — 2 — 3,  or  a  mul- 
tiple of  the  smallest,  but  as  1— li— 2,  or  some  other  intermediate 
quantity. 

What  ia  the  relative  atomie  weight  of  todiumf  carbon  T  aolpburt  cop- 
per ?  morrtiry  ? 

In  how  many  proportions  will  carbon  combine  wtfti oxygen  ? 
What  are  the  respective  compounds  called  ? 

Illustrate  the  principle  of  definite  proportkmt  as  between  sfdphur  and 

hyd  rogen  ? 

What  is  the  fiFBi  exception  to  the  law  of  equivalents  in  chemical  com- 
position ? 

What  ifl  the  com  position  of  amftbnial 

What  is  the  second  exception  t 

Ho\%  far  may  these  exceptions  be  reconciled  with  the  4(eneral  theory  of 
definite  proportions  t  • 
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It  may  be  oVtenred,  liowefver,  that  in  these  cases,  the  very  ex- 
ception seems  to  prove  the  rule;  for  with  regard  to  .the  first  case, 
although  3  is  not  the  equivalent  of  hydrogen,  yet  it  is  a  multiple 
of  that  quantity;  and  with  regard  to  the  second,  the  relnllori  of 
one-half  or  one-quarter  of  the  smaller  number  is  always  preserved 
in  the  other  combining  quantities,  so  that  it  is  plain  that  a  certain 
regularity  is  still  maintained  in  the  midst  of  these  apparent  ano- 
maUee*  and  that  the  combinaftioi^  take  place  even  here  agreeaMy 
to  some  fixed  and  settled  prindple. 

195.  M«iy  of  these  exceptions,  indeed,  have  disappeared  in 
pfopwtion  to  the  progress  of  discovery:  thus  a  few  Tears  ago  we 
were  acquainted  with  only  two  compounds  of  sulphur  ana  oxy- 
gen, the  sulphurous  and  sulphuric  acids,  the  former  composed  of 
16  sulphur  and  16  oxygen,  the  latter  of  IG  sulphur  and  24  oxy- 
gen, the  proportion  of  oxygen  in  the  two  compounds  being  there- 
fore as  2  to  3.  But  the  discovery  of  the  hyposulphurous  acid  has 
sinoe  removed  tiiis  anomaly,  by  presenting  us  witn  a  componnd  of 
16  sulphur  and  8  oxygen,  so  that  the  proportion  of  the  latter  is  to 
that  in  which  it  exbts  in  the  second,  as  1  to  S.  It  is  probable, 
then,  that  in  many  cases  the  exception  is  only  apparent,  whilst  in 
others  it  seems  not  unlikely  that  two  equivalents  of  one  ingredient 
may  combine  respectively  with  two,  three,  and  four  equivalents 
of  the  other,  as  in  the  oxides  of  lead,  which,  according  to  Dr. 
Thomson,  consist  of 


12G.  It  will  be  perceived,  on  reference  to  the  preceding  esti- 
mates of  atomic  weights,  that  they  are  all  multiples  or  sub- 
multiples  of  the  atomic  weight  of  hydrogen,  that  being  unity. 
Hydrogen  being  the  lightest  of  all  the  bodies  with  which  we 
are  acquainted,  there  is  a  degree  of  convenience  in  making  its 
oomhiiiing  weight  the  standard  from  which  those  of  others  are  to 
be  calcalated.  It  mnst,  however,  be  understood,  that  the  com- 
bining weights  G^Tchemical  equivalents  have  no  reference  to  any 
real  standard  oxisling  in  nature,  but  that  they  merely  denote  the 
relative  quantities  in  which  dilTeront  substances  combine  together, 
and  it  is  innnaterial  what  numbers  are  adopted  to  express  those 
quantities,  provided  the  entire  series  exhibits  the  same  proportions 
throughout.  Thus  tea  might  be  fixed  on  as  Hm  aiumic  weight  of 

What  has  the  ptogieai  of  ehemtitiy  developed  in  legaid  to  die«e  eseep- 

tions  ? 

How  is  this  exemplified  in  the  compoundij  of  oxygen  and  sulphur? 
What  ia  the  atomic  weieht  of  lead  ? 
How  many  compounds  does  il  form  with  oxy|2:en  ? 
In  what  bght  are  we  to  regard  the  toei^htx  adopted  for  the  atoms  of  dif- 
ferent gnbstances  f 


*  Introduction  to  the  Alomic  Theory,  by  Charles  DaubenVt  M*  D.,  F.  R* 
&«  Proi:  of  Chem.  at  Oxford.    IbJI,  8vo.  pp.  42, 43. 


Lead  104  X  2  =  208 

 104  X  2  =  208 

 104  X  2  =  208 


.  Oxygen  8  x  2  =  16 

.    8  x  3  =.  24 
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hydrogen,  in  wbich  ease  that  of  caifoon  wonld  be  60,  that  of  dxj- 
gen  80,  that  of  sulphur  160f  4hat  of  iron  SS80,  and  so  on,  all  beinff 

aucpiented  in  tenfold  proportion.  The  combining  number  of 
hydro^rn  mig;hl  be  reckoned  100  or  1(K)0,  and  those  of  tlie  others 
increased  in  the  same  ratio  ;  or  any  g-iven  number  whatever  might 
be  selected  instead  of  unity,  and  a  scale  of  combioiog  quantities 
formed  to  correspond  with  it. 

137.  Bat  the  obFions  advantages  of  takin£r  a  series  commenciii^ 
with  unity  must  at  once  be  perceired.  All  chemists,-  however^ 
aie  not  agreed  as  to  the  propriety  of  making  the  atom  of  hydro- 
gen the  foundation  of  the  scale  of  eqnlTalente.  Thus  Dr.  Thom- 
son reckons  the  atomic  weirrht  of  oxycTf'n  ns  1 ,  and  consequently 
that  of  hydrogen  J  or  0.125,  that  of  carbon  -|  or  0.75,  and  that 
of  sulphur  V*  or  2 ;  and  alters  the  series  throughout  in  the  same 
ratio.  Others  have  fixed  on  10  or  100  as  the  combining  number 
of  oxygen,  and  refjulated  their  scales  accordingly. 

12b.  The  preceding  observations  will  enable  the  reader  to  un- 
derstand in  some  degree  the  causes  of  the  varieties  of  the  atomic 
Weights  attributed  by  different  writers  to  the  same  body ;  some 
estimating  the  weight  with  reference  to  that  of  hydrogen  as  the 
standard,  and  some  with  reference  to  oxygen.  Thpre  is,  however, 
another  source  of  discrepancy,  which  must  not  be  left  unnoticed. 
The  determination  of  the  atomic  weights  of  bodies  must  in  the 
first  instance  depend  on  chemical  analysis  :  ' and,  as  Professor 
Daubeny  observes,  *' we  must  admit  that  it  . is  doubtful  whether 
such  accuracy  in  chemical  analysis  has  yet  been  attained,  as  to 
enable  us  to  answer  positively  for  a  fraction  not  exceeding  the 
800th  or  400th  part  of  the  whole  quantity  to  be  determined ; 
and  this  degree  of  exactness  at  least  would  hare  been  required 
to  verify  the  law  satisfactorily  in  the  higher  part  of  the  scale."* 
Hence  it  is  that  Her/clins,  estimating  the  atomic  weights  of  dif- 
ferent bodies  with  reference  to  hydrogen,  has  given  numbers  vary- 
ing more  or  less  from  those  which  have  been  generally  adopted ; 
his  numbers  being  founded  on  his  own  analyses.  The  well-known 
skill  and  talent  for  research  of  this  celebrated  chemist,  afford 
stronff  presumptions  in  fhvour  of  the  aoenraey  of  his  conclusions, 
which  nave  been  generally  confirmed  by  more  recent  experiments 
of  Dr.  Turner,  Professor  of  Chemistry  in  the  University  of  Lon- 
don. This  gentleman  states,  as  the  result  of  his  investigations, 
that,  without  denying  the  possibility  of  hereafter  tracing  some 

What  is  the  practice  of  different  chemists  in  regard  to  the  substance 
whose  atomic  weight  is  made  vniVy  ? 

What  will  be  the  relative  number  for  hydrogen  when  the  weight  of  the 
atom  of  oxygen  is  made  1  ? 

What  wjII  thai  of  sulphur  then  be? 

On  what  does  the  determination  of  atomic  weights  depend  ? 

To  what  degree  of  exactness  must  analysis  be  carried  m  order  to  verify 

the  numbers  expressing  atomic  weights? 


♦  In  trod,  to  tlie  Atomic  Theory,  p.  39. 
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simple  relation  between  the  equivalents  of  bodies,  he  is  convinced 
that  the  hypothesis  bf  aU  equivalents  being  multiples  by  a  whole 
number  of  the  equivcuent  of  hydrogen^  is  inconsistent  with  the 
best  anises  which  chemists  at  present  possess.***) 

Id^.  The  best  tables  or  scales  of  chenucal-  eqai'ments,  there- 
fore* which  have  been  hitherto  produced,  l^re  to  be  considered  as 
by  no  means  perfect,  nor  in  the  present  state  of  our  knowledge 
capable  of  being  rendered  so;^but  notwithstanding  their  admitted 
dt-fects,  they  may  be  provisidnally  adopted,  as  affording  facilities 
for  making  ftalculalions  of  the  contents  of  compound  bodies,  or 
for  checking  the  results  of  experiment,  by  reference  to  the  com- 
bining proportions  of  bodies  which  have  been  submitted  to  analysis. 

130.  A  most  ingenious  and  useful  modification  of  the  system 
of  atomie  weights  was  contrived  by  Dr.  WoUaston,  constituting 
his  Logometric  SeaU  of  Chemieal  Equivalents.  It  is  similar  in 
principle  to  the  common  sliding  rule,  and  like  tliat  instrument,  has 
the  usual  Gunter's  line,  or  scale  of  logometric  numbers,  on  the 
slider;  and  upon  a  line  adjacent  to  the  slider,  are  marked  certain 
points,  corresponding  to  the  numbers  that  represent  the  combining 
weights  of  the  Tarions  elementary  bodies,  and  of  the  acids,  alka- 
lies, and  other  idiemteal  compounds,  ^us  it  is  so  eonstmetsd 
that  when  the  number  10,  which  is  reckoned  the  atomic  weighl 
of  oxygen,  stands  opposite  to  the  name  of  that  body,  hydrogea 
will  stand  opposite  1.25,  carbon  opposite  T.S,  nitrogen  opposite 
17.5,  iron  opposite  35.0,  and  sulphur  opposite  to  20.  Hence,  if 
we  wish  to  know  how  much  of  either  of  these  bodies,  as,  for  in- 
stance, iron,  will  form  a  binary  combination  with  a  g^iven  quantity 
of  oxygen,  as  14.5,  we  bring  that  number  on  the  slider  opposite 
tiie  wora  oxTffen  in  the  scale,  and.  the  number  50  will  stand  oppo* 
site  tiie  wors  iron ;  indicating  that  50  parts  by  weight  of  iron  will 
combine  with  14j  of  oxygen  to  form  protoxide  of  iron.  And  in 
the  same  manner  it  will  he  seen  how  much  of  any  other  body 
will  combine  with  any  given  quantity  of  oxygen. f 
/"  131.. 'As  the  combining  atoms  of  bodies  bear  certain  relations 
to  each"  other  by  weight,  so  likewise,  in  some  states  they  may 
manifest  corresponding  relations  as  to  bulk  or  volume.)  Not  long 
after  Mr.  Dalton  in  England  had  directed  the  attentioi^bf  chemists 
to  the  relation  existing  between  the  weiriits  of  bodies  which  com- 
bine in  difierent  proportions^  MM.Ai?ay  Lussac  and  Humboldt  in 
France  established  a  similar  correspondence  between  the  rolnmes 
of  oxygen  and  hydrogen,  which  unite  together,  preying  that  tliey 

What  {« the  reinlc  of  Profeawr  Turner's  invettigation  on  this  8ub[eef  f 

How  far  may  the  scales  of  equivalents  in  use  among  chemists  be  relied  on  f 
Wliat  is  the  dpsrription  of  Wollnston's  scale  of  equivalents  f 
Describe  some  applications  of  that  scale. 

In  what  other  respect  besides  that  of  weight  are  combining  bodies  found 
related  lo  eaeh  othwt 

*  Second  Report  of  the  British  Assooialion,  1832,  p.  372. 
t  See  Paper  on  a  Synoptic  vScale  of  Chemical  Eqaivalents,  by  Dr.  Wol- 
hwlon,  in  Fhiiea.  Tians.  tat  1814. 
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combined  in  the  proportion  of  one  volume  of  the  first  to  two  of 
the  second.)  Shortly  after  the  French  philosophers  extended  ilie 
same  inference  generally  to  the  combinations  between  gases ; 
showing  that  they  united  in  the  exact  proportions  of  1  Tolnroe  of 
the  one,  to  1»  3, 3,  or  some  other  whole  nomber  of  Tolnnes  of  the 
second.  i 

132.  'fhas  one  volume  of  carbonic  acid,  and  one  Tolmne  of  am- 
monia, form  carbonatP  of  ammonia  one  of  nitrogen  and  throe 
of  hydrogen  form  ammonia;  onv  of  chlorine  and  one  of  hydrog^en 
form  muriatic  acid.'^  The  same  law  applies  to  vapours,  such  as 
those  of  alcohol  and  ether,  as  well  as  to  true  gases.  \M.  Gay 
Liissac  even  rendered  it  probable  that  the  combinations  between 
•olids  and  gases  follow  we  same  principle :  that  quantity  of  the 
former  uniting  with  one  or  more  yolumes  of  the  latter,  which,  if 
existing  in  the  form  of  Tapour,  would  have  occupied  a  correspon- 
dent bulk.  iyThus  carbon  6  and  oxygen  16,  by  weight,  form  car- 
bonic acid  ;  hence  100  cubic  inches  of  oxygen  will  combine  with 
12.7  grains  of  carbon.  For  100  cubic  inches  of  oxygen  weigh 
33.8888  grains,  and,  as  16  :  6  : :  33.8888  :  12.7.  Now  12.7  grains 
of  carbon  may  be  shown  to  occupy  when  in  vapour  100  cubic 
inches,  or  exactly  the  same  space  as  33.8888  grains  of  oxygen,  so 
that  the  combining  quantities  of  the  two  bodies  correspond  ia 
Tolnme  no  less  than  in  the  number  of  atoms  of  which  a  Tolume 
of  each  is  made  up. 

133.  *'  When  aeriform  fluids  combine  together,  and  produce  by 
their  union  a  now  gas,  they  (generally  contract  in  bulk,  or  occupy 
less  space  than  they  did  when  separate.  ^Now  M.  Gay  Lussac 
found  that  when  this  takes  place,  they  contract  either  to  one-half, 
one-quarter,  one-third,  two-thirds,  or  some  other  quantity  bearing 
an  exact  proportion  to  their  antecedent  bulk.  Thus  carbonic 
oxide  2  volumes,  with  oxygen  1  volume,  form  together  8  yolumes 
of  carbonic  aci;l  gas,  there  being  a  contraction  of  one-third ;  3 
volumes  of  hydi'ogen  and  1  of  nitrogen,  form  2  volumes  of  ammonia, 
the  gases  contracting  to  one-half,  and  so  with  the  rest.')* 

134*  These  facts  exhibit  the  doctrine  of  combining  quantities  in  • 

On  what  researches  was  the  theory  of  volumes  founded? 

What  is  the  relation  of  ihe  two  gaseous  ingredients  of  water  in  regard 
to  their  bulk  before  combination  ? 

^yhat  number  of  volumes  of  the  two  ooottituents  enter  into  combinatioii 
to  Ibrm  carbonate  of  ammonia  ? 

How  hat  Gay  Lnasac  extended  the  theory  of  volmnei  to  other  than  ga- 
•eooa  bodies  f 

How  may  we  compute  the  weight  of  carbon  in  a  given  bulk  of  carbonic 
acid  ? 

What  jsmerally  happens  in  respect  to  the  bulk  of  combining  gseee  after 

their  union? 

Ilhistrate  this  in  the  case  of  carbonic  oxide  and  oxygen    hydrogen  and 

nitrogen. 


*  Daubeny's  Introd  to  the  Atomic  Theory,  pp.  45, 4G. 
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a  new  point  of  view,  and  serve  to  corroborate  thn  infcronces  con- 
cerning" the  atomic  constitution  of  bodies  drawn  from  the  consi- 
deration of  the  relations  that  have  been  shown  to  subsist  between 
the  weights  of  cheniiral  equivalents.  When  we  attempt,  however, 
to  reconcile  the  principle  of  combining  weights  with  that  of  com- 
bining TolomeB,  difficulties  occur  which  can  only  be  completely 
dissipated  by  future  researches.  Thus  we  find  that  100  cubic 
inches  of  oxygen  gas  will  combine  with  SOO  cubic  inches  of 
hydrogen,  to  form  200  cubic  inches  of  aqueous  vapour ;  so  that  the 
quantity  of  the  hydronrpn  in  water  by  measure,  is  donblp  that  of  the 
oxyj^en.  Hence  Sir  H.  Davy  concluded  that  an  atom  of  water 
consisted  of  2  atoms  of  hydronren  and  I  of  oxyoren ;  and  therefore 
that  the  atom  of  the  latter  should  be  represented  by  16,  that  of  the 
former  being  unity. 
135.  This  estimate  of  the  weight  of  an  atom  of  hydrogen  as 

being  that  of  an  atom  of  oxygen  is  inconsistent  with  Uie  combin- 
ing proportions  of  the  hydrogen  in  other  cases,  and  it  has  conse- 
quently been  rejected,  while  that  originally  proposed  by  Dr.  Dal- 
ton,  which  rates  the  two  volumes  of  hydrogen  as  one  atom,  has 

been  preferred  in  making  computations.  Dr.  Prout,  however,  is 
disposed  to  adhere  rigorously  to  the  principle  of  equivalent  vo- 
lumes rather  than  that  of  conibininor  weig-hts.  He  says  :  "  It  has 
been  found  by  experiment,  that  the  same  volumes  of  different 
bodies  in  the  gaseous  states  have  very  different  weights.  Thus, 
for  instance,  a  volume  of  oxygen  weig^  sixteen  times  as  mush 
as  the  same  volume  of  hydrogen.  Hence,  as  the  number  of  self- 
repulsive  molecules  in  each  of  these  gases  i^  presnmed  to  be  the 
same,*  the  wei^t  of  the  self-repulsive  molecule  of  oxygen  must, 
of  course,  be  sixteen  times  greater  than  that  of  hydronren  ;  and 
generally,  the  weights  of  the  self-repulsive  molecules  of  all  bodies, 
will  be  as  the  specific  gravities  of  these  bodies  in  the  gaseous 

What  effect  has  the  theory  of  vdmnM  on  that  of  atomic  weights? 

What  difficulties  oocur  in  rpronoiUne^  the  two  ?  i 
What  view  has  Dr.  Frout  advanced  on  this  subject? 

On  what  is  ihe  preraiBptum  that  equal  volames  of  all  gaaei  contain  the  | 
fame  nnniber  of  attmia  ?  ^es  note.} 

*  The  presumption  that  equal  volumes  of  different  gases  contain  exactly  I 
the  same  number  of  atoms,  is  founded  chiefly  on  a  law  piopoundcd  by 

Mariotte,  that  the  volume  of  any  gas  is  universally  as  ihe  pressure  applied 
to  it ;  since  it  is  supposed  that  if  the  number  of  atoms  iu  each  gas  was  not  i 
the  same,  the  law  ordiminution  of  volume  under  presaufo  would  vary  with 
respect  to  the  dififerent  gases.  It  appears,  how  ever,  from  the  most  eiact 
experimonts,  that  this  law  strictly  applies  only  to  the  permanent  ga5?es,  as  ' 
oxygen,  hydrogen,  and  nitrogen,  which  cannot  be  reduced  to  the  liquid 
•tats  fay  extreme  pressure  una  low  temperature ;  and  these  gases  at  any 
given  temperature  diminish  in  volume  under  pressure  in  the  same  ratio 
with  atmospheric  air.    But  sulphurous  acid  and  other  condensable  pases,  J 
submit  to  pressure  more  readily  than  common  air.    V.  Mitscherlich's  In-  ' 
trodoction  lo  Chemistrv*  vol.  i.  p.  131 ;  and  Johnston's  Report  on  Chem. 
Science  to  the  British  Associtition,  1832,  pp.  420,  421.  451.   Hence  it  must 
be  admitted,  that  Mariotto's  law,  while  it  fails  with  respect  to  condensable 
gases  or  vapours,  at  least  hold»  good  with  regard  to  oxygen  and  hydrogen. 
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State,  or  'will  bear  certain  simple  relations  to  these  specific  gravi- 
ties."* lie  subsequently  remarks,  that  **a  strictly  philosophical 
arranffemeut,  suj)posin^  the  principles  we  have  advanced  to  be 
well  founded,  wouhl,  rcc|uire  that  the  volume  in  all  instances  should 
be  made  the  molecular  unit in  which  case  the  relative  weights  of 
the  self-repulsive  molecules  of  hydrogen  and  oxygen,  as  above 
meationed,  will  be  as  1  to  16.''t 

136.  Protn  the  doctrine  of  relations  between  combining  atoms 
or  self-repulsive  molecules  and  combining  Tolnmes  adopted  by 
Dr.  Piout,  it  will  directly  follow,  as  he  obserreSy  that  the  atoms 
of  bodies  will  be  as  their  specific  g^ravities,  or  have  certain 
relations  to  their  specific  trravities.  Hence  the  determination 
of  the  exact  specific  gravities  of  the  gases  is  of  the  utmost 
importance.  Unfortunately,  in  the  results  hitherto  obtained  from 
their  experiments  and  calculations,  chemists  agree  as  little  in 
titeir  estimates  of  specific  gravities,  as  in  those  or  Bttomio  weights* 
Till  these  can  be  ultimately  detennined  through  the  continued 
lesearehes  of  philosophical  inquirers,  we  must  employ  the  most 
accurate  approximations  which  can  be  deduced  from  the  informa- 
tion already  obtained. 

137.  In  this  point  of  view  the  following  table  of  the  specific 
gravities  of  aeriel  bodies,:):  from  Brande's  Journal  of  Science,  vol. 
lii.,  is  deserving  of  attention.  It  w^as  drawn  up  by  Professor 
Meinecke,  of  Halle,  in  Saxony,  from  sloeohiometricS  calcalations, 
founded  on  the  comparison  of"^ the  experiments  of  various  chemists 
OB  ^e  different  elastic  flaids. 

What  consequence  will  follow  from  admitting  this  supposition  ? 
What  eoffiforaiity  ezisis  anraog  the  Mvetal  deteiminstions  of  the  specific 
gimviiy  of  the  gases  as  obtoinea  by  difleient  chemiala  t 

»  Dr.  i^rout's  Chemistry,  Meteorology,  &c.,  p.  134.   t  Id.  p.  135. 

t  In  the  table  of  the  teitthe  tpecific  gravl^  of  each  vapour  is  compared 
with  that  of  common  air,  taken  at  the  temperntiirp  of  iho  hoilinj^  point  of 
the  liquid  from  which  it  arose.  The  following  table  exhibits  the  specific 
gravity  compared  withair,at  60S  and  also  that  of  each  liquid,  at  60°  together 
ynith  its  boiling  point  >— 


Vapour  of  water.  • 

Do.  hvclrocysnle  aoid 

Do.  •  alcobol        .  • 

Do.  muriattc  «tb(ir 

Do.  sulphuric  acid 

Do.  6uli)hurei  of  carbon 

Do.  oil  of  turppntine 

Do.  hvdriodic  ether 


•  ■ 

•9 

ilJ 

IT 

1, 

"S 
a. 

.481 

1. 000 

212^ 

•  * 

.947 

.91 -J 

7039 

79.7 

1.603 

1.311 

.798 

'  173 

2.219 

2.255 

.871 

52 

•  • 

2.58C 

2.415 

.632 

% 

2.638 

2376 

1.272 

116 

•  s 

5.013 

3  313 

792 

326 

l6.475l4.666il.92V 

148 

Sec  Thompioa  on  Heat,  p.  2\&.—Ed. 

^That  is,  calculations  of  tho  sporinc  gravity 
ledge  of  that  of  their  eUments*  J^'rum  i^rotxei 
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Table  of  the  Specific  Gravities  of  Gases  and  Vapours, 
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1.  Hydrogen  gas 

2.  Protorarbu retted  hydrogen  gas  •  • 

3.  Azoted  hydrogen  gas,  or  ammonia 

4.  Vapour  of  the  piS^toxide  of  hydrogen,  or  aqueous 

vapour        .         .         •         •  . 

5.  Vapour  of  hydrocyanic  acid,  or  prussic  acid 

6.  Gaseous  protoxide  of  carbon,  or  carbonic  oxide 

7.  Percarburetied  hydrogen  gas,  or  olefiant  gas 

8.  Aaote,  or  nitrojg^en  gas 

9.  Atmospheric  air  .         .         .  • 

10.  Gaseous  deutoxide  of  azote,  or  nitrous  gas 

11.  Oxygen  gas  ..... 

12.  Hydrosnlphuric  gas,  or  sulphuretted  hydrogen 

13.  Hydrochloric  gns,  or  muriatic  acid  gas 

14.  Carbonic  acid  gas  .... 

15.  Gaseous  protoxide  of  aaote^  or  niCnnis  oiide 

16.  Alcoholic  vapour         •         •         •  . 

17.  Vapour  of  cyanogen 

18.  Chlorocyanic  acid  vapour 

19.  Sulphurous  acid  gas 

20.  Chlorine  .  ... 

21.  Ethereal  vapour      .         •         •  • 

22.  Nitrous  acid  vapour 

23.  Percarburet  of  sulphur,  or  snlphttfot  of  carboil 

24.  Carbochloric  acid,  or  pho<^gene  gas   


C9 


i 


0.0694 
0.5555 
0.5901 

0.6250 

0.9374 
0.9722 
0.9722 
0.9722 
1. 

1.041 
1.111 

1.150 
.  11.274 
.  11.527 
•ilOJB? 
.  11.597 
1.80(1 
2.153 
2.232 
8.6 
2.569 
2.638 
2.638 
3.473 


•^3 


1 

8 

H 

9 


^1 

0.0625 
0.5 
0.5312 

0.5625 


13^0.8437 


14 
14 
14 
14S 
15 
16 
17 
18.^ 
22" 
22 
23 
26 
31 


0.875 
0.875 

0.875 
0.9 
0.937 
1. 

1.062 
1.156 
1.375 
1.375 
1.437 
1.625 
1.937 


32  2. 

33  2.25 

37  2.312 

38  '2.375 
38  2.375 
50  3.185 


138*  (6.)  The  objeet  of  this  law  of  ehemical  affinity  is  to 
determine  the  influence  of  circumstancee  on  the  combination 

of  bodies  with  each  other.  [1.]  With  respect  to  those  cases 
where  compounds  are  formed  from  the  mere  mixture  of  their  con- 
stituent parts,  but  few  observations  will  be  requisite.  Some 
bodies  exert  no  action  on  each  other,  when  placed  in  contact 
under  any  given  conditions ;  and,  therefore,  so  far  as  our  knowledge 
extends,  are  to  be  eonsidered  as  incapable  of  union.  The  simple 
bodies  in  general  iiave  a  strod^  tendenc]^  to  combine  together ; 
bat  when  two  compound  bodies  aie  intermixed,  it  will  frequently 
happen  that  instead  of  forming-  a  mino^led  mass  or  a  single  che- 
mical compound,  they  will  decompose  each  other.  Among  the 
eiicumstances  that  facilitate  the  union  of  bodies,  axe  intermixture 

How  many  timet  i»  atmospheric  afr  heavier  than  hydrogen  f 

How  many  timsa  is  sulphurous  acid  gas  heavier  than  oxygen  ? 

How  many  times  is  chlorine  heavier  than  atowsphenc  air  ^— than  hydro- 
gen I — than  oxygen  ? 

What  is  theneaviest  of  gaaeoua  bodtet  f 

Is  the  vapour  of  ether  or  of  alcohol  the  heavier? 

What  tendency  is  maniiiMted  by  the  simple  bodies  in  legaid  to  each 
other? 

What  eifcomilancea  ftciUlats  the  union  of  bodies  t 
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and  angmentatioft  of  temperature,  the  effects  of  idiick  have  been 

noticedin  treating  of  the  Becond  and  third  lawt  of  affinity. 

139.  [8.]  In  the  case  of  single  elective  attraction,  exhibited 
in  the  decomposition  of  a  compound  body  when  a  simple  body  is 
presented  to  it,  the  phenomena  will  depend  on  the  relative  affinity 
of  the  latter  for  one  of  the  elements  of  tho  former.  The  series 
of  decompositions  adduced  to  exemplify  the  first  law  of  chemical 
affinity  may  be  referred  to  as  exhibiting  to  a  certain  extent  the 
relative  affinities  of  the  several  bodies.  The  law  of  elective  at- 
traction on  which  such  decompositions  depend,  is,  however,  sub- 
leet  to  eome  important  modifications.  It  has  been  stated  tlmt  lime 
separates  ammonia  from  its  combination  with  sulphuric  acid*  ($ee 
p.  29.^  Bergmaan  conceived  that  snch  decompositions  wens 
tokly  determined  by  chemical  attraction,  and  that,  consequently, 
the  order  of  decomposition  represented  the  comparative  forces  of 
affinity  :  and  this  view,  from  the  simple  and  natural  explanation 
it  afforded  of  the  phenomenon,  was  for  a  time  very  generally 
adopted. 

140.  But  Bergroann  was  in  error.  It  does  not  necessarily  fol- 
low, because  lime  can  separate  ammonia  from  sulphuric  acid,  that 
the  lime  has  a  greater  attraction  for  the  acid  than  the  volatile  al- 
kali. Other  causes  are  in  operation  which  modify  the  action  of 
affinity  to  such  a  degree  that  it  is  impossible  to  discover  how 
much  of  the  effect  is  owing  to  that  power.  It  is  coaeetvable  that 
the  ammonia  may  in  reauty  have  a  stronger  attraetioa  for  sul- 
phuric acid  than  ume,  and  yet  tiie  lime,  from  the  great  influence 
of  disturbing  causes,  might  succeed  in  decomposing  sulphate  of 
ammonia.  The  justness  of  the  foregoing  remark  will  be  made 
obvious  by  the  following  example  :  When  a  stream  of  hydrogen 
gas  is  passed  over  the  oxide  of  iron  heated  to  redness,  it  deprives 
the  iron  of  its  oxygen  entirely,  combining  with  it  so  as  to  form 
water.  On  the  contrary,  when  watery  vapour  is  brought  into  con- 
tact with  red-hot  metallic  iron,  the  oxygen  of  the  water  quits  the 
hydrogen,  and  combines  wiiii  Uie  iron. 

141«  It  follows,  from  the  resolt  of  the  first  experiment,  aecordinf^ 
to  Beigmann,  tiiat  hydrogen  has  a  stronger  attraction  for  oxvgen 
than  iron  has ;  and  from  uie  second,  that  Eron  has  a  greater  affinity 
oxygen  than  hydrogen  has.  But  these  inferences  are  incom- 
patible with  each  other.  The  affinity  of  hydrogen  for  oxygen 
must  be  either  equal  to  that  of  iron,  or  greater,  or  less.  If  the  nrst 
is  the  case,  then  the  result  of  both  experiments  was  determined 
by  modifying  circumstances ;  since  neither  of  those  substancea 

On  what  do  the  phenomena  of  single  elective  attraction  depend  ? 
What  view  of  Bergmann*8  on  this  Bubject  was  Ibrmerly  adopted  hf  ehe- 

mists  ? 

What  example  furnishes  an  exception  to  the  Uw  that  chemical  decoia> 
position  depends  entirely  on  affinity  t 

How  nay  we  reason  on  the  experiment  with  hydrogen,  watery  vapouj, 
aadhoc  imnt 
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ought,  on  this  supposition,  to  take  oxygen  frum  the  other.  If  the 
second,  then  the  decomposition,  in  one  of  the  experiments,  must 
liavebeen  determiaed  by  extraneous  causes,  indirect  opposition  to 
tbe  tendency  of  affini^/'* 

142.  The  fallacy  of  Bergmann's  inferences  relative  to  the  absolute 
effect  of  affinity  in  the  production  of  chemical  decompositions  was 
first  pointed  ont  by  Berthoiiet,  who  demonstrated  that  tables  of 
decomposition  cannot  be  considered  as  indicating,  under  all  cir- 
cumstances, the  order  of  affinity  of  bodies.  He  also  showed,  that 
the  action  of  affinity  is  modified  by  various  causes,  of  the  operation 
of  which  in  a  variety  of  cases  he  gave  a  consistent  explanation. 
That  philosopher,  however,  overrated  the  influence  of  occasional 
causes  on  the  phenomena  of  decomposition,  when  he  attributed 
them  to  such  causes  only,  denying  the  existenee  of  electiTS  affinity 
as  an  ioTariable  force.  Dr.  'nimer  observes :  That  chemical  at- 
traction b  exsfted  between  bodies  with  different  dejfrees  of  energy 
is  indispatable.  Water  has  a  much  greater  affinity  for  muriatie 
acid  and  ammoniacal  grases  than  for  carbonic  acid  and  snlpharet* 
ted  hydrogen,  and  for  these  than  for  oxygen  and  hydrogen.  The 
attraction  of  lead  for  oxygen  is  greater  than  that  of  silver  for  the 
same  substance.  The  disposition  of  g^old  and  silver  to  combine 
with  mercury  is  greater  than  the  attraction  of  platinum  and  iron 
for  that  fluid.  As  these  diflferences  cannot  be  accounted  for  by 
the  operation  of  any  modifying  causes,  we  must  admit  a  difference 
in  the  force  of  aliinity  in  producing  combination.  It  is  equally 
clear,  that  in  som6  instances  the  separation  of  bodies  firom  one 
another  can  only  be  explained  on  the  same  principle.  No  one,  I 
conceivef  will  contend  that  the  decomposition  of  hydriodic  acid  by 
chlorine,  or  of  sulpharetted  hydrogen  by  iodine,  is  determined  by 
the  concurrence  M  any  modifying  circumstances. ^^f 

143.  [3.]  Complex  elective  attraction  differs  from  that  already 
described,  in  oxliihiting  a  more  complicated  play  of  affinities;  and 
hence  it  is  in  such  cases  that  anomalous  appearances  occur,  from 
the  influence  of  disturbing  causes.  Compounds  may  be  decom- 
posed by  means  of  comprex  affinity,  when  they  resist  the  opera- 
tion of  simple  affinity.  Tti us  nitric  acid  alone  will  not  decompose 
sulphate  ot  soda,  for  the  sulphuric  acid  combined  with  the  soda 
has  a  stronger  affinity  for  that  alkali  than  the  nitric  acid ;  but  if  a 
solntion  of  nitrate  of  bary  tes,  or  the  componnd  of  nitric  acid  witli 
the  earth  called  bary  tes,  be  added  ton  solution  of  sulphate  of  soda* 
a  double  decomposition  will  take  place,  the  sulphuric  acid  quitting 

What  did  Berthollet  attempt  to  prove  in  regard  to  the  relation  between 
affinity  and  chemical  compoBitionT 

Bv  what  examples  may  we  prove  that  diffeietttdegieesof  eiieigy  areso> 
tually  exerted  between  different  bodies? 

What  cases  of  decomposition  mav  be  cited  to  prove  the  same  point  ? 

In  what  leapeet  does  eompUx  difler  fiom  ftanle  elective  attiaetion  f 

State  an  eiample  of  decomposition  by  complea  elective  attractiQaf 

*  Dr.  Turner's  Elements  of  Chemistry,  4th  ed.  1833,  pp.  167, 16S. 
t  Ibid* 
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Hit  ioda  to  unite  with  the  barytes,  ftnd  the  nitric  aoid  separatinif 
from  the  earth  to  combine  with  the  alkali;  and  the  result  will  bo 
two  Bew  componnde,  nemelyt  sulphate  of  barytee  and  oitiate  of 
Boda. 

144.  Such  processes  of  complex  affinity  may  be  conveniently 
exhibited  by  means  of  a  diagram,  which  appears  to  have  been  first 
employed  by  Dr.  Black.  The  result  of  the  decompositioos  just 
described  might  be  thus  represented  : 

Nitric  Acid  Barytea 


Sulphuric  Acid       '  Soda 

145.  In  any  given  case,  the  relative  affinities  of  the  substances 
for  each  other  may  be  denoted  by  numbers.  When  two  salts  are 
brouf^ht  within  the  sphere  of  mutual  action,  they  will  not  become 
decomposed,  unless  the  ailiuities  which  tend  to  form  new  com- 
pounds are  superior  to  those  which  tend  to  keep  the  eonstitoenta 
of  the  original  compounds  united.  Mr.  Kirwan  adopted  the  term 
dSttlkni  affinitft  to  signify  that  attraction  which  fayoura  decompo- 
sition; and  guieaeeni  affinity  for  that  which  opposes  a  change  of 
state. 

146.  The  effect  of  peculiar  circumstances  on  complex  affinity 
may  be  observed  when  carbonate  of  lime  is  mixed  with  muriate 
of  ammonia,  and  the  two  salts  in  a  dry  state  are  exposed  to  heat; 
double  decomposition  takes  place,  and  carbonate  of  ammonia  and 
muriate  of  lime  are  produced  :  and,  on  the  contrary,  if  a  solution 
of  carbonate  of  ammonia  in  water  be  mixed  with  a  solution  of 
muriate  of  lime,  decomposition  will  also  take  place,  the  lime  will 
unite  with  the  carbonic  acid,  and  the  ammonia  will  enter  into  com- 
bination with  muriatic  acid.  The  decomposition  which  occurs  in 
this  casst  however,  is  more  extensive  than  might  at  first  be  sus- 
pected. "What  is  called  muriate  of  lime  Is  reaUy  a  chloride  of 
calcium,  or  the  metal  which  forms  the  basis  of  lime.   Now,  when 

Draw  and  explain  the  diagram  illiistrntive  of  this  docompoeition  ? 

When  may  two  sal  to  actually  decuupose  each  other  ? 

Bbw  fimy  their  relative  afflniliea.be  exprened  f 

What  tonus  did  Kirwan  enij^oy  to  exprev  the  ibrcee  which  iavonr  and 
ihoKe  wliich  prevent  decomposijion  ? 

In  what  example  may  we  find  the  effect  of  modifying  circumstances  on 
chemical  affinity  f 

How  is  the  anomaly  in  this  caae  to  be  eiplainedf  , 
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Mfbonate  of  Hme  and  nmriato  of  ammonia  are  heated  together* 

both  the  lime  and  muriatic  acid  are  decompoeei*  the  oxygen 
the  Hme'and  the  hydrogen  of  the  acid  being  driven  off ;  while  the 
metallic  calcium  enters  into  union  with  the  chlorine  from  the 

muriatic  acid,  and  the  carbonic  acid  which  was  united  with  the 
lime  combines  with  the  ammonia.  T^je  decomposition  of  the  car- 
bonate of  ammonia  and  chloride  of  calcium,  by  mixing  their  solu- 
tions, maybe  similarly  explained  ;  for  the  chloride  of  calcium  de- 
composes water,  the  oxygen  of  which  combines  with  the  metal  to 
form  lime,  and  the  hydrogen  unites  with  the  chlorine  thus  set  free 
to  form  muriatic  acid,  which  separates  the  carbonic  acid  from  the 
ammonia  to  combine  with  it,  leaving  the  latter  acid  to  form  a  anioa 
with  the  lime* 

147*  Another  case  of  leciprocal  decomposition  may  here  be 
mendoned,  which  does  not  so  readily  admit  of  explanation.  Sir 
II«  Davy  has  remarked,  that    in  many  caseSy  decompositions  that 

cannot  be  produced  by  single  attractions,  may  be  produced  by 
■  double  affinities.  Thus  the  elements  of  sulphate  of  barytes,  or 
the  combination  of  sulphuric  acid  with  the  earth  called  barytes, 
are  so  firmly  united,  that  no  alkali,  nor  earth,  will  separate  the  acid 
from  the  barytes.  Potash,  which  has  a  very  strong  attraction  for 
the  acid,  will  not  decompose  it  alone ;  but  if  potash  combined 
with  carbonic  acid  be  digested  for  some  time  with  powdered  sul- 
phate of  bary  t()s,  there  is  a  double  decomposition  ;  and  combina- 
tions of  sttlphnric  acid  and  potash,  and  canionic  acid  and  barytes* 
are  formed* It  appears,  however,  from  experiment,  that  not  only 
may  the  decomposition  stated  take  place  to  a  certain  extent,  but 
that  likewise,  under  similar  circum$tanee$f  sulphate  of  potash  will 
decompose  carbonate  of  barytes. 

148.  Mr.  Richard  Phillips  found,  that  on  boiling  100  parts  of 
sulphate  of  barytes  and  59  parts  of  carbonate  of  potash,  for  two 
hours,  in  four  ounces  of  water,  more  being  added,  from  time  to 
time,  to  supply  the  loss  from  evaporation,  23  parts  only  of  the  sul- 
hate  of  barytes  were  decomposed,  producing  19.5  of  carbonatn  of 
ary tes.  As  the  converse  of  this  experiment,  he  then,  in  the  same 
manner,  boiled  85  parts  of  carbonate  of  barytes  with  74  of  sulphate 
of  potash,  and  found  that  57  narts  of  the  carbonate  were  decom- 
posed, yielding  67  parts  of  sulphate  of  barytes.  From  these  and 
otiier  experiments,  Mr.  Phillips  infers  that  the  complete  decompo- 
sition of  the  salts*  in  either  case,  is  preTented  by  the  reproduction, 
during  the  process,  of  the  insoluble  eompounds*f  M.  Dulong 

Explain  separatelv  the  case  of  heating  and  of  solution  ? 
How  may  potash  oe  made  to  decompose  sulphate  of  baiytesf 
How  may  the  resulting  compounds  be  made  to  decompOM  each  Othev 

and  to  fpproduce  the  original  mriterials  ? 
Slate  the  experiment  of  Mr.  PhiiliDs  on  these  materials  ? 
Wbafc  inference  wa«  drawn  Horn  mat  eiperiment  f 

*  Elements  of  Chemical  Philosophy,  p.  103. 

t  See  paper  **  On  an  AnooMlous  Case  of  Chemical  Affinity/'  by  R.  Phil* 
lips,  in  Jour,  of  Science,  ed.  at  R.  L,  vol.  i. 
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had  been  previously  enga^d  in  researches  on  the  same  subject, 
from  which  were  drawn  the  following  conclusions:  ,1.  That  all 
tiie  insoluble  salts  are  decomposed  by  the  carbonates  of  potash  or 
•oda ;  bat  that  a  complete  exebange  of  principles  of  these  salts  can- 
not take  plaoe.  2.  Tbal  all  the  soluDle  aaltSy  of  which  the  add 
forma  with  the  base  of  the  inaolnble  caibooate  an  inaolable  aaltt 
are  decomposed  by  these  carbonalea^  until  the  decomposition  hat 
leached  a  certain  limit,  which  it  cannot  pass.* 

149.  (7.)  It  has  been  remarked,  in  the  discnsaion  of  the  pre- 
cedijig  law  of  chemical  affinity,  that  when  compound  bodies  are 
brought  within  the  sphere  of  each  other's  action,  they  may  be  mu- 
tually decomposed,  or  they  may  combine  to  form  sur-compounde. 
This  last  result  is  what  takes  place  when  acids  unite  with  metallic 
oxides  to  constitute  salts,  or  when  oils  and  alkalies  are  united  to 
form  soaps.  Hence  a  distinction  of  bodies  has  been  made  into 
primary  eompounda  and  ucondary  compounds and  these  again  haye 
been  vationaly  aobdlTided  by  systematle  writers.  The  primary 
componnds  are  not  all  formed  by  the  aimple  anion  of  two  nodiea : 
those  which  are  thas  oooatitoted  maT  be  termed  binary  compoonday 
whiehf  next  to  the  eim|^  bodies  themaelyes,  are  of  the  ntmoal 
importance.  Next  to  iheae  may  be  placed  the  pnmary  cont- 
poonds  with  double  bases;  such  are  the  tartaric,  citric,  maliCy 
and  other  acids,  in  which  hydrogen  and  carbon  unite  to  form  the 
respective  bases,  which  combine  with  oxygen ;  the  prussic  or 
hydrocyanic  acid,  consisting*  of  cyanogen,  a  compound  of  carbon 
and  nitrogen,  acidified  by  hydrogen ;  and  an  acia  which  has  been 
termed  the  hydrozanthic,  the  base  of  which  is  carbon  and  sulphur, 
aa  in  the  last  case,  acidised  by  hydrogen. 

150*  The  primary  compounds  may  be  systematically  arranged 
in  three  piinmpal  clasaee :  1.  Adda;  S.  Bases;  and  3.  Nenti&a. 

The  term  Acid  was  fofmeriy  need  to  denote  emrtain  snbatancea 
characterized  by  their  soar  taste,  the  property  of  changing  the 
blae  colour  of  yegetables  to  red,  and  that  of  combining  with  alkalies 
and  certain  earths  to  form  salts,  or  as  fhuy  were  termed  neutral 
salts  :  all  the  bodies  regarded  as  acids  being  liquids,  or  else  gases 
or  solids,  capable  of  being  readily  reduced  to  the  liquid  form,  by 
uniting  with  water.  Layoisier  having  found  that  some  of  the 
most  powerful  of  the  acids,  as  the  sulphuric  and  the  nitric,  were 
composed  of  certain  bodies  united  to  a  large  proportion  of 
oxygen,  concluded  that  oxygen  wan  the  general  acidifying  princi- 

Whal  were  Ehilong's  conclusiona  from  similar  experiments  ? 
What  two  difierent  efiecis  nuy  piooeed  firom  the  mixturo  of  compound 
bodies? 

What  dktinction  of  bodies  hss  been  ibunded  on  this  difleienee  of  efiboli  I 
To  what  elsH  of  bodi«i  is  the  teva  binary  compound  applicable  t 
Give  some  examplea  of  primary  compounds  with  double  bases. 
What  are  the  three  classes  of  primary  compounds  ? 
How  was  the  tenn  acid  formerly  used  f 

*  See  Annales  de  Chimie,  ToL  Ixxii.;  and  ilr.  Uie's  Diet  of  ChemistCf 
aru  Attraction. 


» 


Digitized  by  Google 


FRIMART  CBBSnOAL  COMPOUNBi.  07 

pie,  and  therefore  conaider^  all  acids  as  eompoimda  contaiaiBg 

an  excess  of  oxygen. 

161.  This  doctrine  was  rendered  untenable  by  the  discovery  of 
properties  regarded  as  characteristic  of  acids,  (such  as  the  red- 
dening of  vegetable  blues,  and  the  formation  of  salts  with 
alkalies,^  in  the  compound  of  sulphur  with  hydrogen,  or  sul- 
phurettea  hydrogen ;  and  by  tbe  diseoveiy  of  Davy  lelatiTe  to  the 
nature  of  cbiorine«  and  the  coiiatitiition  of  mnriatle  or  hydrocblorie 
aeid.  Subsequent  resean^ea  have  famished  reaaona  for  extendingr 
the  appellation  of  acid  to  certain  compounds  of  ehlorine«  iodine, 
bromine,  fluorine,  hydrogen,  sulphur,  selenium,  and  some  of  the 
metals ;  and  the  acids  containing  oxygen  hare  been  styled  oxacids, 
by  way  of  distinction.  On  the  same  principle  have  been  formed 
the  terms  chloracids,  iodacids,  bromacids,  fluoracids,  hydracids, 
sulphuracids,  &c.  But  the  state  of  science  at  present  hardly  en- 
ables us  to  discriminate  properly  between  such  of  the  various 
combinations  of  the  simple  substances  above  mentioned  as  cor- 
respond with  the  acid  compounds  of  oxygen,  and  those  coires- 
ponding  vith  the  oxides. 

153*  The  primary  compounds  called  Jteet  inclnde  such  an 
baw  been  heretofore  termed  alkalies,  earths,  and  metallic  oxldee. 
Tbe  alkalies,  except  ammonia,  are  now  known  to  be  oaddea; 
three  of  the  four  alkalies  with  simple  bases,  lithiat  potash,  and 
aoda,  being  oxides  of  certain  metau,  and  the  other  ammonia,  a 
combination  of  hydroofen  with  nitrooren,  which  mig^ht  therefore  be 
styled  nitroguret  of  hydrogen.  Besides  these,  there  are  a  number 
of  newly-discovered  alkalies,  having  compound  bases,  and  chiefly 
procurable  from  vegetable  substances,  as  morphine,  from  opium ; 
strychin,  from  nux  vomica;  and  cinchonin  and  quinine,  from 
Peruvian  bark.  Such  of  these  alkalies  as  have  been  analyzed  are 
found  to  be  oxides  with  bases  composed  of  various  proportions  of 
hjrdrogea  and  carbon,  and  in  some  cases  of  hydrogen,  carbon,  and 
nutfogen* 

163.  The  eartha,  like  most  of  the  alkalies  with  simple  bbses,  ava 
metalUe  oiddes*  Silica,  howerer,  long  classed  among  the  earths, 
lhoug[h  a  componnd  of  <ayg/Nk  with  a  simple  base,  differs  from  the 
rest  in  various  respects,  acting  the  part  of^ an  acid  in  the  formation 

of  the  numerous  mineral  compounds  in  which  it  is  contained. 

154.  Among  the  primary  compounds,  those  termed  chlorides, 
iodides,  bromides,  &c.,  with  most  of  wliich  we  are  yet  but  very 
imperfectly  acquainted,  will  nevertheless  probably  prove  to  be  an 
interesting  and  important  class  of  bodies  ^  and  this  will  hardly  be 

What  was  I>avoisier*8  view  of  the  constitution  of  all  acidsf 
How  w  aa  his  Uefinition  of  an  acid  subverted  ? 
What  term  w  now  applicable  to  acids  {brmad  of  oxygen  t 
What  term!*  apply  to  (he  other  clasMS  of  thiBie  subatancesf 

What  is  meant  by  the  term  base  ? 

What  classes  of  bodies  formed  by  the  ancient  chemisU  has  it  been  ap* 
plied  to  eignify  ? 
What  are  the  baset  of  the  newly  discoveied  alkaline  bodies  I 
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qnestioned  when  it  is  considered  that  chloride  of  sodium,  or  com- 
mon salt,  and  chloride  of  calcium,  improperly  called  muriate  of 
lime,  are  among  the  bodies  in  question. 

165*  Of  the  primary  compounds  termed  Neutrals,  it  will  be  eufH- 
cient  here  to  state*  mat  Dr.  Thomson  has  arranged  them  under 
seTSB  beads,  namely,  water,  alcohol,  volatile  oil,  fixed  oil,  bitu- 
men, and  ethal,  an  oleosa  kind  of  matter  which  CheTkeul,  a  Freoch 
cheuiist,  procured  from  spermaceti. 

156.  The  most  important  of  the  secondary  or  sar-compoiind8« 
are  those  arising  from  the  combination  of  acids  with  bases.  Those 
best  known  are  the  compounds  of  the  oxacids  with  the  alkalies 
with  simple  bases,  or  with  certain  of  the  earths  and  metallic  ox- 
ides. As  examples  may  be  mentioned,  sulphate  of  soda,  (glauber 
salt,)  nitrate  of  potash,  (salt-petre,)  sulphate  of  macrnesia/ Epsom 
salt,)  and  acetate  of  lead  (sugar  of  lead.)  All  iliese,  as  weil  as 
many  others  that  might  be  named,  are  readily  soluble  in  water ;  thus 
correspoadin|r  with  the  popular  notion  of  salts.  But  other  com- 
pounds of  aeids  and  metallic  ooudes  ate  insduble,  as  carbonate  of 
lime,  (chalk,)  sulphate  of  barytas,  (ponderous  spar,)  sulphale  of 


bases,  as  alum,  which  is  a  sulphate  of  potash  and  alumine; 
nitrate  of  ammonia  and  magnesia,  phosphate  of  ammonia  and  sodn, 
sulphate  of  ammonia,  and  oxide  of  iron,  muriate  of  ammonia  and 
magnesia,  &c.  The  -dcids  with  compound  bases  also  unite  with  the 
alkaline  and  other  bases  to  form  salts.  Of  this  description  are  the 
sulpho-cyanate  of  lime,  the  salts  formed  by  the  prussic  acid,  and 
the  numerous  sails  formed  by  the  acetic,  tartaric,  and  other  hydro- 
carbonous  acids. 

157.  It  was  from  the  analvsis  of  the  neutral  salts,  and  Ae  ob- 
•ervation  of  the  relation  of  the  combining  quantises  of  the  Tarioue 
salts  to  each  other,  that  Weasel  and  Ricnter  were  led  to  those 
8 peculations  on  chemical  affinities,  which  furnished  a  foundation 
for  tlie  more  extensive  researches  of  Dalton,  Berxelius,  and  other 
nhilosophers,  relative  to  the  theory  of  definite  proportions^  An 
Dinary  compounds  consist  of  certain  numbers  of  atoms  or  equiva* 
lents  of  their  constituent  parts,  so  when  they  enter  into  new  com- 
binations, formin|nr  sur-compounds,  they  unite  in  proportions 
which  bear  certain  relations  to  the  combining  numbers  of  those 
ceiistitnents.  Thus  the  combining  numbers  or  equivalents  of 
compound  bodies,  as  salts,  are  the  sums  of  those  of  the  acids  aud 
bases  of  which  they  are  formed.  As,  for  instauce,  potash  consists 
of  potassium,  atomic  w^ht  40,  and  oxygen,  atomic  weight  8,  and 
as  It  contains  an  atom  oreach*  its  eombming  number,  or  atomic 

What  is  the  true  chemical  nature  of  the  eorlfttf 
How  many  bodies  are  included  under  the  term  neutrals t 
What  are  the  most  intere8tin:<f  ninongour  compound  bodies! 
Give  some  examples  oi  these  bodies. 
Name  the  sails  and  acids  which  have  compound  bases.  • 
What  investigation  furnished  the  foundation  of  the  prevailing  theories 
rMpecting  chemical  proportions  I 


lead,  aad  phosphate  of  mercury. 


compound  ' 
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lV6igbtlft48;  so  snlphiirte  acid  is  composed  of  sulphur,  atomM 
weight  16,  and  oxygen  89  and  eonsLsting  of  one  atom  of  sulphur 
to  three  of  oxygen,  its  atomic  weight  must  be  3  x  8=244- 1 0=40 ; 
hence  sulphate  of  potash  will  have  for  its  combining  weight  40+ 
40=88. 

158.  The  atomic  weicrhts  or  combininj^  proportions  of  other 
salts  are  in  the  same  manner  derived  from  those  of  their  constitu- 
ents; and  when  they  enter  into  new  chemical  combinations,  such 
always  take  place  with  reference  to  their  atomic  weights,  or  mul- 
tiples of  those  weights. 

Berselina  eenelndes,  from  nuraeroiis  experiments  on  m  Tatt 
Tariety  of  bodies,  diat  the  law  of  eombination  by  definite  propor- 
liona,  pertades  the  whole  of  nature,  and  that  it  extends  not  only 
throughout  the  productions  of  the  mineral  kingdomf  but  also  to 
^ose  derived  from  animals  and  Yegetables* 

Simple  Bodies  and  their  Primary  Coinpounds, 

159.  Among  those  that  are  considered  as  elementary  bodies, 
many  seem  to  be  of  littld^j^iportance  in  the  economy  of  nature, 
since  they  are  never  found  m  an  uncombined  state ;  and  from  the 
most  recent  researches  of  chemists,  it  may  be  concluded  that  they 
exiBt  but  in  minnte  qaantitiea  in  their  several  oomponnds*  It  u 
fh>m  the  union  of  a  few  elementary  or  simple  snbstanees,  that  the 
▼ast  variety  of  the  forms  of  matter  observable  in  the  animal,  vege* 
table,  and  mineral  kingdoms,  are  chiefly  prodneed.  Of  organized 
bodies,  though  their  proximate  elements  are  often  the  result  of 
complicated  combinations,  yet  the  ultimate  products  from  analysis, 
are  generally  few  in  number. 

160.  Vegretables,  when  their  complete  decomposition  is  effected, 
are  found  to  consist  principally  of  oxygen,  hydrorren,  and  carbon; 
and  animal  matter,  when  submitted  to  the  crucible  of  the  chemist, 
hardly  yields  a  greater  variety  of  products,  being  chiefly  distin- 
guishable from  vegetable  substances,  as  affording  nitrogen  or 
asote,  in  addition  to  the  simple  bodies  just  mentioirad.  It  is  tme 
that  sulphur,  phosphorus,  ana  some  of  the  me^ls,  as  iron  and  maa« 
ganese,  sometimes  enter  into  the  composition  of  botfi  animals  and 
▼egetables,  but  in  relatively  small  quantities*  In  the  mineral 
kingdom,  a  more  copious  variety  of  ultimate  prodocts  occurs,  in- 
cluding, of  course,  those  simple  bodies  whicn  are  not  found  in 
animals  or  veo-etables.  But  even  here  the  ultimate  elements  of 
the  great  masses  which  constitute  the  mineral  crust  of  the  terres- 
trial globe  are  so  distributed,  that  a  relatively  small  number  of 

How  are  the  combining  nambeii  of  oompound  bodies  related  to  tboM 

of  their  conslitnent.s  ? 

How  is  ihia  illustrated  in  the  case  of  sulphate  of  potash  ? 

How  extensive,  aceording  to  the  tesesrchet  of  fieraeliot,  it  the  lew  of 
chomical  comhinnlion  ? 

Of  what  siinplo  bodios  are  vegetables  composed  ? 

Of  whui  ones  are  animal  substances  constituted  ? 

In  wliich  of  the  tbree  great  departmenls  of  natute  is  the  laigeit  number 
sf  smiple  bodies  found  ? 
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them  only  enter  into  the  compontton  of  the  moit  alMiBdlait  and 

widely  distributed  compounds. 

161.  Some  interesting  speculations  on  tho  relative  qualities  of 
the  simple  substances  contained  in  the  earth^s  cruBt^  have  been 
advanced  by  Mr.  De  La  Beche. 

*'  The  principal  substances  entering  into  the  chemical  compo- 
sition of  oar  planet^s  surface  may  be  classed  in  the  following 
order,  aooording  to  the  respeetiTe  importance  of  each : 

Simple  Nm-metallic  Substances, 

1.  Oxygen       3.  Nitrogen    5.  Sulphur   I  7.  Fluorine 
2«  Hjfdrogen    4.  Carbon      G.  Chlorine  |  8.  Phoaphome* 

MUmUie  Baau  of  the  JUkaUeBond  Earthi. 

t.  8ilieiiim*     |    3.  Potasaiiua    I    5.  MagnesiniD 
9.  Almninnm    |    4.  Sodtmn       |    6»  Calciom. 

Metals f  the  Oxides  of  which  are  neitlier  Earths  nw  MkaUcs, 
1.  Iron  I  %  Manganese. 

It  would  appear,  therefore,  that  aiSeen  aubatanoea,  commonly 

considered  simple,  constitute,  by  their  various  combinations,  if  not 
entirely,  at  least  by  far  the  largrest  amount  of  all  the  matter  which, 
cither  gaseous,  liquid,  or  solid,  or^nic  or  inorganic^  ia  known  to 
exist  on  the  surface  of  the  earth,  f 

1G2.  Since,  then,  these  bodies,  through  their  relative  affinities, 
exercise  so  extensive  an  influence  over  that  portion  of  the  universe 
with  which  we  are  acquainted,  they  obvionaly  claim  the  fullest 
inveatigation,  with  respect  to  their  iodiTidoal  properties  aod  aeve- 
ral  Gombinatiooa.  Some  of  those  bodies,  howeTer,  which  are 
coroparatiTely  rare,  are  still,  on  various  aoeounts,  cutious  and 
interesting;  and  all  the  aimple  substances  reanire  some  further 
notice.  The  followinff  pages,  therefore,  will  contain  a  brief 
account  of  tlje  chemical  properties  of  the  simple  bodies  of  both 
claflaea*  and  of  those  of  their  moat  important  compounds. 

163.  :7ViMs^/AeJKiMiy  CkM^^ 

Chlorine. 

Protoxide,  1  Ch.  1  Ox. 
Peroxide,  1  Ch.  4  Ox. 
Chloric  acid,  1  Ch.  5  Ox. 
Ozychlorio  acid,  1  Ch.  7  Ox. 
MtmaHc  add^  I  Ch.  1  Hyd. 

How  has  Da  la  Beche  anraoged  the  subBtancet  compoiDg  tha  crust  of 

the  earth? 

Enumerate  the  first  elaas  of  these  tubttances^— tiw  8ecoiid,->the  third. 
Give  the  naoMi  and  oombining  ingvedientB  of  the  compounds  of  chlorine. 

*  Mr.  De  la  Beche  ranks  the  base  of  silicoous  earth  among  the  metals ; 
bat  Beraelius  and  other  recent  writers  reckon  it  among  the  noiHBalaUie 
elements.  See  p.  22,  No.  38. 

t  JUweaiehes  on  Theoreacal  Geology,  1634,  pp.  23  24. 
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Iodine. 

Iodic  acid,  1  I.  5  Ox. 
Cklonodio  acid,  3 1. 1  Ch. 

Bromine. 

Bromic  acid,  1  Br.  5  Ox. 
Chloride  of  bromine. 

niioriii6.--*J5(^dh>/worjff  oeu^  1  Fl.  1  Hy4« 

Hydrogen. 

Water,  1  H.  1  O. 
Peroxide  of  hydrop^en,  1  H.  2  Ox* 
Muriatic  acid,  1  K.  1  Ch. 
Hydriodic  acid,  1  H.  1  I. 
Hydrobroraic  acid,  1  H.  1  B. 
Hydrofluoric  acid,  1  H.  1  F. 

Nitrogeo. 

Atmospheric  air. 

Nitrous  oxide,  1  N.  I  Ox. 

Nitric  oxide,  1  N.  2  Ox. 

Hyponitrous  acid,  1  N.  3  Ox*, 

Nitrous  acid,  1  N.  4.  Ox. 

Nitric  acid,  1  N.  5  Ox. 

Chloride  of  nitrogen,  1  N.  3  Ch. 

Iodide  of  nitrogen,  1  N.  3  I. 

Aminonia*  or  mtrogurel  of  hydrogen,  1  N.  3  H. 

Carbon. 

Carbonic  oxide,  1  C.  1  Ox. 
Carbonic  acid,  1  C.  2  Ox. 
Oxalic  acid,  2  C.  3  Ox. 
Protochloride  of  carbon,  1  C.  1  Ch. 
Perchloride  of  carbon,  2  C.  3  Ch. 
Iodide  of  carbon,  1  C.  1 1. 
Sesqui-iodide  of  carbon,  3  C.  3 1. 
Bromide  of  carbon. 
Subcarburet  of  hydrogen,  1  C.  3  H. 
Carburet  of  hydrogen,  3  C.  3  H. 

How  many  compounds  of  iodine  are  enumerated  by  chemiits  f 

How  many  of  bromine  ? 

What  ia  the  oonstitation  of  water? 

What  is  that  of  peroxide  of  hydrogen 
How  many  compounds  are  there  of  nitrogen  and  oxygen? 
What  is  the  composition  of  atmospheric  air  ?— of  nitrous  oxide ! — ^nitric 
acid? 

How  many  and  what  comi^nds  doet  carbou  fimn  widi  oxygant  how 

many  with  chlorine  ? — with  iodine  ? 
How  many  and  what  compounds  are  formed  of  hydrogen  and  carbon? 
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Caibon  eoniimud. 

Bicarburet  of  hydrogen,  2  C.  1  H. 

Quadricarburet  of  hydrogen,  4  C.  4  U. 

Naptha. 

Caoutchooe. 

Cyanogen,  S  C.  1  N. 

Boron. 

Boracic  acid,  1  B.  2  Ox. 
Chloride  of  boron,  1  B.  2  Ch. 
Fluoride  of  boron,  I  B.  3.F. 

Silicon. 

Silex  or  silicic  acid,  1  Su  3  Ox* 
Chloride  of  silicon. 
Fluoride  of  silicon^  1  Si,  1  F. 

Phoapbonia. 

Phosphorus  acid,  S  Ph.  3  Ox. 
Phosphoric  add,  9  Ph.  6  Ox. 

Hypophosphorous  acid,  2  Ph.  1  Ox. 
Chloride  of  phosphorus,  1  Ph.  1  Ch. 
Perchloride  of  phosphorus,  1  Ph.  8  Ch* 
Iodide  of  phosphorus. 
Periodide  of  phosphorus,  I  Ph.  2  I. 

Bromides  of  phosphcHrus,  [  }  p||'  5  gj^' 

Phosphuretted  hydrogen,  1  Ph.  1  H. 
'  Sobptiosphttreltsd  hydro^n,  1  Ph.  3  H. 
Phosphuret  of  carbon,  iFh.  1 

Sulphur. 

Hyposnlphurous  acid,  1  S.  1  Ox. 
Sulphurous  acid,  1  S.  2  Ox. 
Hyposulphuric  acid,  2  S.  5  Ox.. 
^  Sulphuric  acid,  1  8.  3  Ox. 

Chloride  of  sulphur,  1  S.  1  Ch. 
Iodide  of  sdphur. 
Bromide  of  sulphar.  * 
Sulphuretted  hydrogen,  1  S.  1  H. 
Snpersnlpharetted  hydrogen. 

Enumerate  the  ooD^wundB  of  boron  and  those  of  ailioon  with  the  pnK 

portions  of  each  ? 

With  how  many  simple  non-melallie  sabitancee  does  phosphurus  unite  ? 
How  many  of  its  com  pounds  are  acids  f 

What  two  compounds  and  in  what  proportiooa  does  it  iurm  with  hydro* 

gen? 

How  many  of  the  non-metallic  bodies  are  capable  of  combimiig  with 
suUlkart 

How  nuuiy  of  the  copipoandi  of  sulphur  have  acid  jaoperties  ff 
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Sulphur  continued, 

Sulphuret  of  carbon,  2  S.  1  C. 
SnlphnvBt  of  phosphorus,  1  S.  1  Ph. 

Selenium. 

Selenious  acid,  1  Se.  2  Ox» 
Selenic  acid,  1  Se.  3  Ox. 
Protochloride  of  selenium,  2  tSe.  1  Ch. 
Perchloride  of  Selenium,  1  Se.  1  Ch. 
Hydroselenic  acid,  1  Se.  I  H. 

Oxygen, 

164.  The  gaseous  body  named  by  the  French  chemists  oxygen, 
or  the  acidi^^ing  principle,*  may  be  obtained  in  a  simple  or  un- 
combined  state  by  several  different  processes,  and  especially  by 
the  application  of  heat  to  the  combination  of  oxygea  with  certain 
metals,  as  mercury,  manganese,  or  lead* 


The  apparatus  exhibibited  above  affords  i  conTenient  method 
for  the  produetion  of  this  gas  by  the  decomposition  of  raetailui 
oxides.  Let  a  small  quantity  of  red  oxide  of  lead,  (minium  or 
red  lead,)  be  introduced  into  the  retort  A,  the  beak  or  openingr  of 
which  is  connected  with  the  double-necked  glass  globe  B,  from 
which  proceeds  the  bent  tube  C,  terminating  under  the  tall  glass 
jrir  E,  the  lower  end  of  which  is  immersed  in  the  water-troug^h  G. 
if  then  the  retort  be  heated  by  a  lamp,  after  the  atmospheric  ai(^ 
contained  in  the  vessel  and  tube  has  been  safTered  to  escape,  the 

SiittdTleal  jar  filled  with  water  and  inverted^  is  to  be  placed  ovcir 
e  lower  end  of  the  tube*  as  represented  in  the  figure;  and  the 
oxygen  gas,  as  'H  is  formed  by  the  decomposition  of  the  oxide, 
will  pass  over,  and  rising  in  bubbles  through  the  wafest  in  the 
Jar,  will  colleet  in  the  apper  part  of  it. 
166.  This  gas  maj  be  proenred  in  the  same  manaery  by  snb- 

IIow  many  oompoandi  does  wlenium  ftna  witfi  other  non-melsSio 

bofiies  ? 

Delineate  and  explain  the  apparatus  for  procuring  oxygen  from  red 
lead. 


•  From  the  Gr.  Of otm?,  and  Ttw^oi,  to  generate,  or  produce*  The  Ger» 
man  ehemisto  s^le  ihis  body  €AU£ftgoFF»  uteraUy  war  Miuf. 


4 
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tituting  for  the  oxide  of  lead,  red  oxide  of  merrnry,  or  black" 
oxide  of  manorariese.  This  last  hpiufj  ;i  cIh  ap  substance,  is  jjreneral- 
ly  used  for  oDtaininnr  oxygen  gas  on  a  large  scale;  and  for  that 
purpose  i\w  disiillaii  Hi  is  conducted  in  an  iron  retort,  luted  to  a 
gun-barrel,  and  the  former  exposed  to  the  heat  of  a  furnace.  When 
obtained  by  this  last  mode,  however,  the  gas  is  not  very  pure,  and 
the  quantity  produced  from  a  given  weight  of  the  oxide  is  extremely 
yariable* 

1^.  For  purposes  of  OlastratioDy  the  method  of  procnring  oxy- 
gen most  readily  and  abundantly  is  that  of  plaeing  in  an  iron 
mercury  bottle,  which  may  be  had  for  50  cents  or  $1,  a  quan- 
tity, say  lib*,  of  saiUpetre;  into  the  mouth  of  the  bottle  one  end 
of  a  gun  barrel  is  screwed,  while  to  the  other,  which  is  bent 
downward,  is  adapted  a  flexible  leaden,  or  other  tube,  to  conduct 
the  gas  into  the  pneumatic  cistern,  gas  holder,  or  bag  by  which  it 
is  to  be  received. 

1G7.  As  there  is  a  great  number  of  substances  in  which  oxygen  is 
contained,  so  it  may  be  procured  by  various  other  processes.  When 
wanted  for  experiments  of  research,  and  therefore  in  a  state  of  the 
ffreatest  purity,  about  100  grains  of  salt  called  chloride  of  potassa, 
(formerly  oxymuriate  of  potash,)  may  be  introduced  into  a  retort 
with  a  bent  tube  fitted  to  it,  the  open  end  of  which  must  pass  under 
the  mouth  of  a  jar  filled  and  inverted  in  a  water  trough.  The  re- 
tort is  then  to  be  heated  by  the  flame  of  a  large  spirit-lamp,  and 
afler  the  atmospheric  air  contained  in  it  has  been  driven  oli,  and 
the  salt  fuses  and  appears  to  boil,  oxygen  gas  will  bo  formrd,  and 
may  be  collected  as  before,  in  the  jar  over  the  water-trough. 
About  100  cubic  inches  of  gas  may  be  thus  obtained,  from  the 
specified  quantity  of  the  chlorate. 

168.  Oxygen  gas  may  also  be  obtained  slowly  and  in  small 
quantities,  through  the  decomposition  of  water,  by  living  vegeta- 


monstrated  by  filling  an  eightounce  phiaTwith  water,  and  af^r 
having  introduded  into  it  a  sprig  of  mint^  inverting  it  in  a  basin  of 
water.  If  this  be  placed  in  a  window,  or  any  omer  situation  ex« 
posed  to  the  light,  minute  bubbles  will  soon  be  perceived  forming 
on  the  surface  of  the  leaves,  and  gradually  accumulating,  they 
will  rise  to  the  upper  part  of  the  bottle,  where  after  a  few 
days  a  variable  quantity  of  the  gas  will  be  collected,  exhibiting, 
if  the  experiment  be  carefully  made,  a  considerable  degree  of 
purity. 

169.  Oxygen  gas,  when  pure,  by  whatever  method  obtained,  is 
perfectly  transparent,  and  destitute  of  taste  or  smell,  exceeding" 
atmospheric  air  in  a  slight  degree  in  specific  gravity.  It  is  neces- 
sary for  the  support  of  animal  life  by  respiration,  and  it  may  be 
breathed  alone  lor  some  time  with  safety*  Indeed,  an  animal 


bles  exposed  to  the  action 


This  may  be  de 


Jn  what  manner  h  this  gas  procured  in  the  greatest  purity  T 
How  may  it  be  prorured  from  ve|fetable  raMtances  f 
What  are  the  chief  aenaiUe  properties  of  oxygen  gaef 
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confined  in  a  small  vessel,  filled  with  this  gfas,  will  live  nearly 
three  times  as  loner  as  if  confined  in  an  equal  bulk  of  common  air, 
and  hence  oxygen  has  been  called  vital  air :  yet  it  appears,  that  if  an 
animal  be  kept  in  an  atmosphere  of  oxygen  gas,  and  obliged  to 
bieathe  it  for  a  long  time,  greaJk  exeitement  will  be  producM,  In- 
flammatory  action  will  take  place^  and  death  frequently  follow« 
Hence  this  gaa*  though  a  powerful  supporter  of  life  in  the  diluted 
state  in  whiSr  it  is  found  in  atmospheric  air,  cannot  be  used  alone 
with  safety,  except  for  a  very  short  period.  It  is  ^sorbed  by  water 
only  in  a  minute  proportion,  and  therefore  is  usually  collected  in 
jars  over  that  fluid.  It  does  nol,  like  acids  or  alkalies,  alter  the 
colour  of  paper  tinored  with  tincture  of  litmus  or  syrup  of  violets* 
nor  does  it  render  lime-water  turbid. 

170.  The  most  important  effects  of  oxygen  are  those  which  arise 
from  its  powerful  influence  as  a  supporter  of  combustion.  All 
inflammable  bodies  burn  in  this  gas,  with  a  greater  display  of 
heat  and  light  than  in  atmosphenc  air.  SeTeral  interesting  ez« 
poriments  to  illustrate  this  prmciple  may  be  made  hy  inekiding 
oxygen  gas  in  a  strong  glass  bottle,  closelv  stopped  with  a  cork* 
ha?uig  a  piece  of  wire  passed  through  it*  If  the  cork  be  removed, 
and  a  wax  taper  lighted  and  just  blown  out  be  quickly  introduced 
into  the  bottle,  it  will  be  immediately  rekindled,  and  bum  with  a 
large  vivid  flame. 

171.  A  sulphur  match,  just  lighted,  and  held  in  the  bottle  of 
gas,  will  also  burn  brilliantly,  with  a  beautiful  purple  colour. 
A  piece  of  charcoal  fixed  to  the  wire,  and  made  red-hot,  if  immersed 
in  the  gas,  will  burn  with  great  splendour,  throwing  off  beau- 
tiful sparks.  A  bit  of  phosphorus  about  the  size  of  a  pea  may  be 
Stuck  on  the  wire,  and  if  then  kindled  and  immediately  plunged 
in  the  gas,  it  will  bum  with  the  most  intense  UgUt,  the  splendour 
of  which  is  painful  to  the  eye.  But  one  of  the  most  stnking  in- 
stances of  combustion  in  oxygen  is  tiiat  of  iron  wife.  For  the 
purpose  of  this  experiment,  a  large  jar  should  be  used,  filled  with 
my  pure  oxygen  gas,  and  placed  over  water  in  a  shallow  dish* 
A  small  coil  is  to  be  formed  by  twining  a  thin  piece  of  iron  wire, 
such  as  an  annealed  watch-sprinpr,  or  small  harpsicord  wire,  round 
the  stem  of  a  tobacco-pipe,  and  then  fixinpf  it  to  a  cork  float ;  the 
extremity  of  the  wire  being  dipped  in  melted  sulphur,  and  ifrnited, 
is  to  be  introduced  under  the  jar,  when  the  iron  will  burn  with  a 
brilliant  light,  throwing  off  scintillations  like  fire  works. 

What  connexion  has  it  with  animal  oxistpnce  ? 
What  name  did  it  formerly  receive  from  this  circumstance? 
What  resuiUi  irom  long  conlinued  confinement  of  an  animal  in  this 
air? 

What  dispostion  has  it  to  mix  with  water  ? 

Oxygen  ia  an  acidifying  principle,— has  it  any  acid  preperUei  of  ilS 

own  f 

What  is  its  most  important  effect  f 

Stale  some  of  the  phenomena  of  combustion  exhibited  in  oqfgen* 
How  may  the  combustion  of  iron  in  this  gas  be  effected  t 
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172.  As  an  illnstration  of  the  vivid 
action  of  oxygea  on  combustibles, 
we  may  refer  to  the  annexed  repre- 
sentation of  the  eomboation  of  a  piece 
of  steel  watch  spring,  within  a  glase 
iressel  containing  a  quantity  of  the 
gas.  Having  filled  the  bottle  from 
any  convenient  reservoir,  the  corky 
to  which  is  connected  a  thick  brass 
wire,  with  a  knob  at  one  end,  and 
pair  of  nippers  to  hold  the  spring- 
at  the  other,  we  insert  the  spring 
and  cork  into  their  place,  while  the 
mouth  is  yet  inverted  in  water,  or 
holdinjif  the  hand  over  the  mouth 
while  It  inyertedt  we  may,  with- 
out serious  inconvenienee,  inseit 
them  while  the  bottle  is  erect.  A 
knob  rises  from  the  metallic  bsse,  cemented  to  the  bottom  throni^ 
a  hole  in  its  centre.  By  this  arrangement  the  ignition  may  he  com* 
menced  by  electricity  from  the  battery. 

173.  In  all  the  experiments  above  described,  and  other  cases  of 
the  combustion  of  inflammable  bodies  in  oxyo-en  g^s,  combinations 
take  place  between  the  oxygen  and  the  combustible,  and  new  pro- 
ducts arise  possessing  peculiar  properties.  The  heat  and  li|nrht 
given  out  in  these  cases,  if  considered  as  depending  on  the  pre- 
sence of  certalii  ethereal  tmppnderable  fluids,  may  be  supposed  to 
have  been  previously  eombined  with  tiie  oxygen,  and  thus  the 
gas  may  he  conceived  to  consist  of  a  ponderahle  basis,  combined 
with  heat  or  caloric  and  light,  the  evolution  of  which  takes  place 
on  the  union  of  the  basis  with  the  combustible  body.  Henoe 
when  experiments  of  this  nature  are  executed  with  due  care  and 
accuracy,  the  product  of  combustion  ought  to  be  exactly  equal  in 
weight  to  the  joint  quantities  of  oxygen  ^s  and  combustible 
matter  which  enter  into  its  composition;  and  this  is  found  to  be 
the  case.  Thus  when  phosphorus  is  burned  in  oxygen  gas,  a 
white  flaky  substance  will  be  obtained,  which  is  phosphoric  acid; 
and  its  weight  will  be  that  of  the  phosphorus  consumed,  added  to 
that  of  the  gas  which  it  has  absorbed.  So  in  burning  iron  wire^ 
a  comhination  will  he  produced  of  the  iron  with  oxygen,  formings 
a  metallic  oxide,  the  weight  of  which  will  he  equal  to  that  of  its 
component  parts  added  together. 
174*  The  products  of  the  combustion  of  bodies  in  oxygen  gas  nfcy 


Explain  the  apparatus  for  igniting  a  steel  spring  in  oxygen  by  means 
of  electricity. 

What  are  the  results  of  the  combustion  of  varioi&  lubstanees  in  oxygen? 

What  rclntion  by  weight,  ought  to  sr.lv-ist  between  tlie  body  COOiUnied 
the  oxygen  which  disappears,  and  the  product  obtained  i 
How  is  this  exemplified  and  proved  ( 
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be  either  gaeeoas,  liquid,  or  solid,  according  to  cironmsfAiieeB :  Iwt, 

considered  as  chemical  eompomids,  all  the  combioatioiie  ofoxjfgenk 
with  other  bodies  may  be  ammged  in  two  classea,  namely  oxides 
and  acids.  Both  those  olfisses  of  compounds  include  varieties, 
depend inpr  on  the  dilVerent  proportions  of  oxygen,  united  respec- 
tively with  the  several  metallic  and  other  substances  which  enter 
into  their  composition.  Thus  with  iron,  oxygen  forms  two  differ- 
ent oxides,  called  from  their  colours  red  oxide  and  black  oxide; 
but  the  former,  as  containing  the  smallest  quantity  of  oxygen,  is 
more  properly  called  the  protoxide  of  iron;  and  the  latter,  in 
which  it  contains  the  largest  quantity,  is  called  the  peroxide* 

175.  With  some  bodies  oxygen  forms  three  or  more  oxides; 
to  distinguish  which  have  been  introduced  the  terms  deutoxide^ 
or  second  oxide ;  tritoxide«  or  third  oxide,  See*  Some  bodies  form 
oxides  alone  with  oxygen,  others  acids  only ;  but  there  are  many 
which  form  both  oxides  and  acids.  'J'he  relative  quantity  of 
oxygen  in  this  last  kind  of  conibin.ition  is,  as  already  stated, 
greater  in  the  acids  than  in  the  oxides.  When  a  body  forms  two 
acids  with  oxygen,  that  which  contains  the  smaller  quantity  is 
designated  by  a  term  ending  in  the  syllable  ow*,  and  that  contain- 
ins  a  larger  quantity  receives  a  name  ending  in  ic thus  we  have 
m^hurout  and  sulphuric  adds**  When  oxygen  combines  with 
any  substance  in  more  than  two  proportions  to  form  acids»  the 
term  htfffo  is  prefixed,  to  distinguish  an  acid  with  aa  inferior 
quantity  of  oxygen :  thus  hyposu^hurous  acid  contains  a  smaller 

•  proportion  of  oxygen  than  ealphurousacidy  and  Ayponi^Atirte  acid 
less  than  sulphuric. 

176.  The  salts  formed  by  the  combination  of  acids  and  oxides 
are  also  distininiished  by  the  terminations  of  their  names:  thus 
those  produced  by  acids  with  names  ending  in  ous  are  distinguish- 
ed by  the  termination  ite^  as  sulphite  of  potash  ;  and  salts  formed 
by  acids  with  the  termination  iCy  have  names  terminating  in  ate, 
as  aulphaie  of  potash.  This  method  of  nomenclature  has  been . 
extended  to  otner  compounds  besides  those  of  oxygen :  thus  the' 
combinations  of  chlorine  which  are  not  acid,  aie  called  chlorideA ; 
those  of  iodine,  iodides;  and  those  of  fluorine,  fluorides;  and  their 
acids,  and  the  salts  which  they  form,  arc  designated  in  an  analogous 
manner,  as  hydrochloric  acid,  hydriodic  acid,  hydrofluoric  acid, 
hydrochlorate  of  ammonia,  &c*  The  compounds  formed  by  simple 

What  diflerences  in  the  mechanical  and  chemical  properties  of  products 
of  eombOfltkmrBfe  Ibimd  to  eiittf 

What  are  the  two  classes     chemical  products  ? 

What  terms  are  employed  to  designate  the  various  degrees  of  tmygmm- 
Hon  in  the  same  substance  ? 

What  terms  are  comnionly  employed  when  only  two  degrees  are  possible  ? 

What  terms  apply  to  the  several  acids  which  oiygm  may  ionn  with  the 
•smc  substance  ? 

In  what  terminal  ions  do  words  end  which  designate  the  salts  formed 
hy  the  severs!  acids  ? 

To  what  other  clanes  of  bodies  has  the  nomendatoie  Ibrmsd  fltr  oxv* 
gan  been  applied  I 
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combustible  bodies,  as  those  of  sulphur,  carbon,  and  phosphonia, 
with  each  other,  or  with  metals,  are  distinguished  by  tbe  termi- 
nation urf/,  as  phosphuret  of  carbon,  sulphuret  of  iron,  &c.  The 
terms  of  /'/-phosphuret,  /^/-carburet,  &c.,  are  used  to  denote  com- 
pounds containing  twice  as  much  phosphorus,  carbon,  6ic*f  as 
m  phosphuret  or  a  earhuret. 

Chlorine^ 

177.  This  is  a  parmaoenUy  elastic  or  g^aseous  fluid,  at  the  com- 
mon temperatures  and  pressures  of  the  atmosphere.  But  Mr. 
Faraday  ascertained  that  this  ^s,  when  subjected  in  the  nascent 
state  to  a  deg^ree  of  pressure  equal  to  about  four  atmospheres,  at 
the  temperature  of  GU^,  becomes  condensed  into  a  liquid.*  Chlo- 
rine gas  has  a  greenish-yellow  colour,  and  a  pungent,  disagreeable 
odour;  and  it  proves  highly  deleterious  when  respired. 

178.  It  may  be  obtained  from  the  decomposition  of  its  com- 
pounds, the  most  oommoii  of  whieh  is  marine  or  culinary  salt, 
formerly  termed  by  ehemists  mnriate  of  soda,  bat  which  is  now 
known  to  consist  of  ehldrine  united  with  sodium  or  the  metallic 
basis  of  soda,  and  is  therefore  called  chloride  of  sodhim.  Its 
decomposition  may  be  convenienUy  effected  by  means  of  the 
appaiatus  represented  in  the  sn|^e»ed  diagram. 

Mix  one  part  of  hMk 
oxide  of  manganese  wit& 
three  parts  of  common  salt, 

both  finely  powdered,  and 
havinjT  introduced  the  mix- 
ture into  tlie  tubulated  retort 
A,  pour  over  it  two  parts  by 
weitrht  of  sulj)huric  arid,di- 
'luted  with  an  equal  weight 
of  water;  then  gWj^fe  b^  of  Uie  retort  under  tiie  inverted  glass 
jar  C,  filled  wimH^iUS  Mtter.  HMTon  lighting  the  lamp  beneath 
the  retort,  its  contents  wOl  become  gradnailj  heatedf  and  the  sal* 
phnric  acid  acting  upon  tiie.manganese,  which  is  in  the  state  of  a 
peroxide,  will  expel  a  part  of  its  oxygen  and  redoce  it  to  a  pro- 
toxide; the  liberated  oxygen  will  then  decompose  the  chloride 
of  sodium,  combining  with  its  metallic  basis,  while  the  chlorine, 
set  free,  in  the  gaseous  state,  will  be  driven  off  and  carried  into 
the  inverted  jar,  rising  in  bubbles  through  the  water.   Tbe  sul- 

What  terminatioa  is  given  to  teffms  expraning  the  binsfy  eompoonds  of 

combustibles  ? 
What  is  the  state  of  chlorine  at  ordinary  temperatures  ? 
What  disoovery  has  been  made  hv  Mr.  Faradav  in  regard  to  ils  stale  f 
WInt  are  its  distin^uiihing sensible  properties! 
Bywhat  means  is  it  moHt  easily  obtamed  f 
Over  what  liquid  may  it  be  collected  ? 

What  is  the  ime  nttnie  of  the  prooen  when  ddoiine  is  obtained  iiom 
common  salt  and  oxide  of  msngaaeoe  f 


*  See  abstracts  of  Papers  iii  Phiios.  Trans.,  vol.  ii.  p.  190. 
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^nrie  add  will  imito  with  the  oxide  of  sodim  (soda)  a»  fut  as 

It  ia  formed,  and  thus  the  decomposition  of  the  clilonde  ia  more 
readily  effected.  Oliloiiiie  gas  may  in  like  manner  he  proeored 
from  the  deeompoaitioii  of  muriatic  or  hydrodiloric  acid«  hy  meana 

of  the  peroxide  of  manganese. 

179.  Water  at  the  temperature  of  about  60°  ahsorbs  twice  its 
volume  of  this  gas.  It  should  therefore  be  collected  over  warm 
water  which  absorbs  it  but  sparingly  ;  or  it  may  be  received  in  a 
bottle  filled  with  atmospheric  air,  by  making  use  of  a  tube  which 
passes  nearly  to  the  bottom  of  the  bottle,  and  the  chlorine  gas,  as 
It  is  driven  over,  being  heavier  than  common  air,  will  gradually 
expel  it  and  fill  the  bottle,  exhibiting  ita  peculiar  green  eoloor. 
The  apecific  gravity  of  thia  gas,  compared  with  common  air,  la 
2.47,  or  about  2i  times  the  weight  of  atmoapheric  air.* 

ISO*  Chlorine  undergoes  no  alteration  when  exposed  to  a  high 
temperature;  and  even  Uielntenae  heat  produced  by  a  Voltaic  bat- 
tery does  not  effect  any  change  of  the  properties  of  this  <raci. 
When  a  burning  taper  is  plunged  into  a  bottle  of  chlorine  gas,  its 
flame  assumes  a  dull  red  colour,  a  dense  black  smoke,  containing 
much  carbon,  is  given  off,  and  after  the  combustion  has  thus  con- 
tinued a  short  time,  the  taper  becomes  extinguished.  Phospho- 
rus, and  several  of  the  metals  in  a  divided  state,  as  tin,  copper, 
and  ainc,  are  apontaneously  ignited  by  this  gas,  and  burn  in  it 
brilliantlT. 

181*  Chlorine  and  oxygen  have  hut  a  weak  aflinity  for  each 
other;  but  they  may  be  mme  to  combine  by  indirect  means,  so  aa 
to  form  at  least  four  disti  net  compounds.  The  protoadde  of  chlorine^ 
containing  36  parte  of  chlorine  and  8  of  oxygen,  or  one  combining 
atom  of  each,  was  discovered  by  Sir  H.  Davy,  who  crave  it  the 
name  of  euchlorine,  from  its  peculiar  deep  j'ellowish-green  hue. 
It  may  be  obtained  by  heating  slowly  in  a  rrlass  retort  2  parts  of 
the  salt  called  chlorate  of  potash,  (formerly  oxymuriate  of  pot- 
ash,) with  one  part  of  muriatic  acid,  when  the  protoxide  will  pass 
over  in  the  state  of  gas,  and  may  be  collected  over  mercury,  in  an 
inverted  Jar.  The  retort  should  be  heated  hv  means  of  a  wal«p- 
bath,  aa  the  gaa  ia  very  readily  exploded.  It  dilTera  much  in  ita 
properties  from  chlorine,  being  of  a  deeper  colour,  and  having  an 
odour  aomewhat  reaembling  that  of  burnt  sugar.  Water  dissolves 
about  ten  times  its  volume  of  this  gas,  which  imparts  to  the  liquid 
ita  peculiar  amell  and  coloux*  It  doea  not  act  upon  mercury* 

In  what  other  manner  may  it  be  procured  f 

What  proportion  of  it  is  absorbed  hy  water  at  ordinaiy  temperatures  ? 
Whatia  the  specific  gravity  of  this  gas  compared  witn  common  air! 
What  peculiar  phenomena  attend  the  inuneiniHi  of  metalB  in  this  gas? 

What  rom pound  does  it  form  with  oxygen! 

How  is  euchlorine  obtained  ? 
What  are  its  peculiar  properties  ? 


*  See  Scientific  Claas  Book,  pL  L  pp.  154»  155»  for  the  specific  gmvities 
of  several  of  the  gases  relatively  to  that  of  water* 
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Vegetable  colours  in  general  are  destroyed  when  exposed  to  it, 
some  of  tlu;  blues  becoming  reddened  belbre  the  tint  is  obliterated. 
When  it  is  detonated  with  hydrogen,  by  passing  through  the  mix- 
ture of  these  gases  the  electric  spark,  it  b^coxnes  decomposed, 
forming  water  and  muriatic  acid. 

189.  Penmde  of  chlorine  is  a  compound  of  one  equivalent  of 
chlorine  and  four  of  oxygen  (or  36  Ch«  +  33  Ox.)  It  is  a  gaseous 
body,  which  may  be  procured  by  mixing  50  or  60  grains  of  chlo- 
rate of  potash  with  a  small  quantity  of  concentrated  sulphurlo 
acid,  so  as  to  form  a  paste,  and  exposing  it  in  a  small  retort  to  th» 
heat  of  a  water-bath,  which  must  be  carefully  kept  below  the 
boiling  point.  The  gas  which  is  evolved,  when  collected  over 
mercury,  exhibits  a  dt^eper  colour  and  a  more  aronriatio  odour  than 
the  protoxide.  It  is  rapidly  absorbed  by  water,  forming  a  yellow 
solution,  with  a  strongly  astriiigent,  disagreeable  taste,  but  no 
acidity.  It  bleaches  vegetable  blues,  without  reddening  them. 
When  heated,  it  explodes  violently,  at  a  temperature  above  114**, 
with  an  increase  of  volume  amounting  to  one-half,  oxygen  and 
chlorine  gases  being  produced.  Mr,  Faraday  succeeded  in  con- 
densing this  gas  to  Uie  liquid  state,  by  eicposmg  it  to  pressure  ai 
a  temperature  32°  below  the  freezing-point  of  water*  Peroxide 
of  chlorine  was  discovered  by  Sir  H*  Davy  in  1815,  and  about 
the  same  time  by  Count  Von  Stadion. 

183.  Cfikrric  acid  is  that  compound  which  enters  into  combina* 
tion  with  potash  to  form  the  chlorate  of  potash,  already  men- 
tioned. This  acid  may  be  produced  by  passing  a  current  of 
chlorine  gas  through  a  mixture  of  oxide  of  silver  and  water,  part  of 
the  chlorine  combining  with  the  metal  to  form  chloride  of  silver, 
and  ^art  uniting  with  the  oxygen  of  the  decomposed  oxide  to 
constitute  the  chloric  acid.  Tike  chloride,  which  is  insoluble,  is 
then  to  be  separated  by  filtering,  and  tiie  excess  of  chlorine  coi^ 
tained  in  the  liquid  being  expelled  \sy  heat,  the  acid  will  be  ob- 
tained in  the  state  of  an  aqueous  solution.  Chlorate  of  barytes, 
when  decomposed  by  sulphuric  acid,  also  yields  chloric  acid. 
When  concentrated  by  evaporation,  this  acid  is  an  oily  fluid,  trans- 
parent, colourless,  and  having  a  sour,  astringent  taste;  reddening 
vegetable  blues,  and  uniting  with  various  bases  to  form  salts.  It 
is  decomposed  by  the  muriatic  and  sulphurous  acids,  and  also  by 
the  hydrosulphuric  or  sulphuretted  hydrogen ;  but  not  by  those 
acids  which  contain  large  proportions  of  oxygen.  It  appears  to 
be  composed  of  one  atom  of  chlorine  and  nve  of  oxygen  (36 
Ch.  +  40  Ox.) 

What  effect  has  euchlorine  on  vegetable  coloura  f 

In  what  state  ia  the  peroxide  of  oStorine  ibund  lo  exist  t 

How  is  it  procured  ? 
What  aro  itf?  properties  ? 
By  whom  was  it  discovered  ? 
How  is  cJdoric  acid  produced  ? 
What  is  its  state  when  concentrated  7 

What  acid  properties  does  it  exhibit? 
What  is  its  composition? 
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184.  Perchloric  acid,  discovered  by  Count  Von  Stadion,  proba- 
bly consists  of  one  equivalent  of  chlorine  with  seven  of  oxygen ; 
but  its  constitution  and  properties  have  not  yet  been  accurately 
inin^stigated .  It  has  been  obtained  in  the  form  of  a  dense,  colour- 
less liquid,  in  which  it  is  united  with  water,  neither  this  nor  the 
chloric  acid  apparently  being  capable  of  ezistingr  ia  an  tnsalat^ 

'  state. 

185.  Chlorine  forms  a  combination  with  water,  which  has  been 
termed  hydrate  of  chlorine.  If  a  small  quantity  of  water  be  intro- 
duced into  a  retort  or  bottle  with  chlorine  gas,  and  the  vessel  be 
l{ppt  a  few  days  in  a  dark  place,  where  the  temperature  does  nr»t 
rise  above  the  freezino^  point,  this  compound  will  be  obtained  in 
the  state  of  a  mass  of  prismatic  and  acicular  crystals,  with  water 
adherincr,  which  may  be  separated  by  blotting-paper,  previously 
cooled  to  prevent  the  crystals  from  melting. 

186.  The  crystalline  hydrate  is  of  a  pale  yellow  colour,  and 
▼erjr  TolaUle.  if  a  small  portion  of  these  ciystus,  carefully  dried, 
be  introduced  into  a  bent  tube,  as  in  the  annexed  figure,  tibe  hy- 
drate may  be  sublimed  by  applying  a  gentle  heat  to  one  end,  and 

i3  the  same  time  cooling  the 
other.    Thus  if  the  extremity 
of  the  tube  A,  in  which  the 
crystals  are  contained,  is  im- 
mersed in  water  heated  at  about  90^,  they  will  be  decomposed, 
forming  two  distinct  fluids,  the  upper  consisting  of  a  saturated 
solution  of  chlorine  in  water,  and  the  lower  of  condensed  chlo- 
rine, in  the  state  of  a  dark, oily  body.    When  the  other  extremity 
of  the  tube,  B,  is  cooled,  the  chlorine  will  distil  over.    If  the 
tube  be  again  cooled  to  70^,  the  chlorine  and  water  will  reunite 
to  form  ffesh  crystals. 

187.  This  substance  was  first  discovered  in  kelp,  or  the  coarse 
alkaline  matter  procured  from  the  ashes  of  marine  plants.  In  its 
chemical  properties,  it  resembles  chlorine  and  bromine ;  and,  like 
those  bodies,  it  is  supposed  to  be  an  elemental^  Snbstauce,  having 
never  yet  been  decomposed.  The  name  iodine  was  given  it  by 
M.  Gay  Lussac,  in  allusion  to  its  colour*  when  in  the  state  of  gas. 

188.  Iodine  may  be  procured  by  various  processes*  After  the 
extraction  of  spda  from  kelp  for  the  use  of  the  soap-boilers,  a 

By  whom  wn3  perchloric  ncid  diacovered  I 
In  what  form  does  it  exist  ? 
What  is  the  composition  of  the  hydrate  of  chlorine^ 
How  is  it  produced  ?  .  ^ 

How  may  it  be  exhibited  in  a  solid  ciystalline  finm? 
How  is  the  hydrate  decompoeed  ? 
From  what  substance  was  iodine  flmt  procured  f 
Which  of  the  other  non-metallte  bodies  does  it  most  neatly  resemble  ? 

*  From  the  Greek,  'l<*>ini^  like  a  violet. 
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blown  fiquid  lemainSy  which  most  be  eabjected  to  a  beat  ef  aboet 
930^,  then  eaturated  with  salphoric  acidy  dihited  with  its  own 
bulk  of  water,  and  pouring  off  the  li(juor  when  cold  from  the 
jcrystals  which  will  be  formed,  coDeisting  chiefly  of  sulphate  of 
soda,  it  is  to  be  filtored,  and  to  every  twelve  ounces  must  be  added 
1000  grairiB  of  black  oxide  of  niftn<ranr<?p  in  powder;  this  mixture 
beinjyr  ])ut  into  a  (jiass  globe,  or  larn;e  matrass,  to  which  another  is  • 
to  be  adaptf  fl  ;  the  former  must  l)e  heated  with  charcoal,  and  the 
iodine  will  then  pass  over,  in  beautiful  violet-cnloured  vapours, 
which  will  be  condensed  in  crystalline  plates,  having  the  colour 
and  lustre  of  plumbago. 

189.  Iodine  thus  obtained  is,  at  the  ordinary  temperature  of  the 
atmosphere,  a  soft,  friable  solid,  which  may  be  easily  ledneed  to 
a  fine  powder.  Its  specific  ffravity  is  4.946.  It  difiPers  from  metals 
in  being  a  non-conductor  oi  electrici^.  If  passed  through  a  red* 
hot  tube,  either  alone  or  over  charcoal,  it  undergoes  no  change. 
Applied  to  the  skiOf  it  occasions  a  yellow  stain  ;  and  it  has  a  hot, 
acrid  taste,  and  an  odour  resembling  that  of  diluted  chlorine. 
Taken  internally  in  a  considerable  quantity,  it  is  poisonous,  but  it 
has  been  used  in  medicine  in  small  doses  ;  and  there  is  reason  to 
believe,  that  burnt  sponjro,  employed  as  a  remedy  for  bronchocelCf 
owes  its  efficacy  to  the  iodine  which  it  contains. 

190.  Iodine  is  very  volatile,  rising  in  vapour  at  a  temperature 
of  from  60^  to  80^,  and  Tery  fieely  at  hig[her  temperatures,  boiling 
rapidly  at  350^.  Ita  specific  gravity,  m  the  gaseous  state,  is  to 
that  of  atmospheric  air  as  8.7011  to  1 ;  so  that  it  is  by  mnch  the 
heaviest  of  all  elastic  fluids  yet  known.  This  vapour  is  124  times 
the  weight  of  hydrogen,  and  as  it  combines  with  that  body  in 
equal  volumes,  the  number  124  has  been  taken  as  the  equivalent 
or  combining  weiprht  of  iodine.  It  renders  vegetable  colours  yel- 
low, and  forms  with  water  a  yellow  solution,  though  but  a  very 
minute  portion  of  it  is  taken  up  by  that  fluid.  It  is  much  more 
soluble  in  ether  or  spirit  of  wine,  with  which  it  forms  deep-browa 
solutions.  This  substance  has  the  peculiar  property  of  forming 
with  starch  an  insoluble  compound  of  a  deep  blue  or  violet  colour  f 
and  hence  starch  has  been  used  with  advantange  as  a  delicate  test 
.of  the  presence  of  iodine. 

191.  With  oxygen  iodine  enters  into  eom&fnation,  forming  toiKte 
or  axiodic  acid.  This  acid  may  be  produced  by  adding  chlorate  of 
potash  and  hydrochloric  or  muidatte  acid  to  iodine  j  and  exposing 

Deteribs  the  proeeai  for  pnoeuring  iodine  from  kelp. 
What  are  its  ordinaiy  sensible  properdee  ? 

What  is  its  specific  f;ramty  ? 

How  does  it  differ  from  metals? 

To  what  useful  purpose  may  it  be  rabeervient  ? 

At  what  temperature  ie  it  convprted  from  the  solid  to  the  al&rifi>na  statel 

What  is  its  specific  jravity  in  the  latter  State  t 
What  is  its  combininc^  atomic  weight  ? 
What  peculiar  effect  has  it  on  starch  ? 
What  aie  its  compounds  with  oxygco  f 
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the  flBtiztiiTe  to  a  gentle  heat,  two  new  compounds  will  thus  be 
formed*  namely,  chloriodic  aoid  and  oxiodic  acid.  By  the  appli- 
cation of  greater  heat,  the  former  may  be  driven  off,  and  the  oxiodic 
acid  will  be  left  pure.  The  oxygenation  of  iodine  may  be  also  ef- 
fected by  heating  that  substance  repeatedly  in  nitric  acid.  The 
iodic  acid  is  a  white,  semi-transparent,  deliquescent  solid,  having 
a  sour  taste,  but  no  smell.  Its  specitic  gravity  exceeds  2,  and  it 
consists  of  1  proportional  of  iodine,  and  5  of  oxygen,  so  that  its 
equivalent  number  is  124  +  40  =  1G4.  Its  auueous  solution  red- 
dens, and  then  destroys  vegetable  colours.  When  mixed  with 
chaieoaly  eagar,  sulphur,  and  other  combastible  iubatancesy  it 
detonates  on  the  application  of  beat, 

199.  It  has  been  stated*  that  the  solatioo  of  this  acid  corrodes 
all  the  metals,  and  even  acts  on  gold  and  platina;  but  Mr.Xyon- 
nell,  who  pnxuoed  it  by  means  of  the  nitric  acid,  confirms  the 
observation  of  oerullas,  that  it  does  not  attack  gold  ;  and  adds, 
that  it  is  equally  inert  with  respect  to  platina,  and  that  iron  filings 
tlirown  into  the  acid  solution  caused  no  effervescence;  but  when 
the  liquid  was  boiled,  a  white  powder  was  precipitated.* 

193.  Iodine  is  capable  of  union  with  chlorine,  forming  a  com- 
pound called  chloriodic  acid,  discovered  about  the  same  time  by 
Sir  H.  Davy  and  M.  Gay  Lussac.  This  acid  makes  its  appear- 
ance, as  already  stated,  during  the  process  for  obtaining  iodic  acid 
from  violate  of  piotash  and  muriatic  acid ;  but  it  may  be  procured 
from  the  direct  union  of  its  constituents.  Thus  on  passing  a  cur- 
rent of  chlorine  gas  into  a  vessel  containing  iodine,  ^e  gas  is 
quickly  absorbed ;  and  the  result  will  be  a  substance,  colourless 
'when  the  two  bodies  combine  in  proper  proportions,  red  or  brown 
when  there  is  an  excess  of  iodine,  ana  yellow  if  there  be  an  excess 
of  chlorine.  It  is  volatile,  and  may  be  sublimed  without  decom- 
position. It  is  deliquescent,  and  dissolves  readily  in  water,  form- 
ing an  acid  solution,  which  destroys  vegetable  blues.  The^salifia- 
ble  bases,  when  presented  to  this  acid,  in  solution,  decom{>ose  it, 
and  iodic  suid  muriatic  acids  are  produced.  It  is  said  likewise  to 
be  decomposed  by  mercury. 

Bromine, 

/  194.  This  is  among  the  most  recently  discovered  of  the  simple 

substances.  It  is  commonly  procured  from  the  uncrystallizable 
liquid  called  bittern,  which  xemains  after  the  manufacture  of  sei^ 

How  is  oxiodic  acid  formed  ? 

What  are  the  properties  of  this  acid  ? 

What  ta  its  oomposition  7 

What  compound  does  iodine  form  with  chlorine? 
By  whom  was  that  compound  discovered  t 
How  is  it  obtained  i 

Wbat  aeniible  properties  does  it  ponon 


*  See  Jameson's  Joamal  of  Sdsnce  ibr  1831. 
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salt.  If  a  current  of  chlorine  ffas  be  passed  through  thfs  liquid^ 
it  assumes  an  orange  tint,  and  yields  a  peculiar  disagreeable 
smell,  arising  from  -the  evolution  of  bromine;*  a  portion  of 
sulphuric  ether  is  then  to  be  agitated  with  it,  and  on  being  allowed 
to  stand,  it  will  separate  from  the  water,  together  with  the  bromine, 
which  gives  it  a  reddish-brown  colour.  The  ethereal  solution 
must  be  shaken  with  a  solution  of  caustic  potash,  when  bromate 
of  potasaaandliTomldiBof  potMsiom  will  both  be  fornBd*  The 
latter  of  iheae  ealte  beAg  obtained  in  eiibic  eiyatak  by  er^poralioov 
in  to  be  decomposed  by  a  eolation  of  cklonne  in  water ;  and  tlie 
bromine,  which  is  Volatile,  may  be  a^MHrated  by  distillatioB»  aad 
obtained  in  a  receiTer,  kept  cool  by  coyeiing  it  with  ice. 

195.  At  common  temperatures  bromine  is  alicjuid;  at  about  10^ 
below  zoro,  Fahrenheit,  it  becomes  congealed  mto  a  crystalline, 
foliated  mass;  and  at  116°  it  boils.  It  is  about  three  times  tiie 
weight  of  water.  The  liquid  has  a  deep,  dull,  i%d  coloiir,f  and  a 
peculiarly  unpleasant  suffocating  odour;  and  its  tasie  is  also 
strong  and  nauseous.  It  corrodes  the  skin,  and  stains  it  of  a  yellow 
colour;  and  it-must  also  be  remarked,  tiiat  it  is  a  powerful  and 
•dangerous  poison.  It  dissolves  but  sparingly  in  water,  more  easily 
in  alcohol,  and  most  readily  in  etben  '^^gretable  oolonre,  as  lit- 
mQf»,  and  eyen  indigo,  are  destroyed  by  it.  A  homing  taper  plunged 
in  its  vapour  quickly  becomes  extinguished,  the  flame  previoualy 
assuming  a  reddish  tint.  Phosphorus  inflames  spontaneously  in 
its  vapour.  Tin  and  antimony  likewise  take  fire  in  it ;  and  potas- 
ainm  introduced  into  it  explodes  with  violence.  In  its  general 
mode  of  action  it  resembles  chlorine  and  iodine,  being  reckoned 
a  supporter  of  combustion. 

196.  With  oxygen  it  forms  a  compound  called  hromic  ncid^ 
which  may  be  obtained  by  adding  sulphuric  acid  to  the  combina- 
tion of  this  acid  with  barytes  (bromate  of  barytes  ;)  and  sulphate 
of  bac^tes  being  thus  formed,  when  the  whole  of  that  salt  is  pre- 
cipitaM,  the  bxomio  acid  will  remain  in  solution,  and  may  be 
eonoentrated  by  slow  evaporation,  k  cannot,  however,  be  entiiely 
deprived  of  water,  as  it  Is  partially  decomposed  at  a  high  tempers- 
tore.  Hie  acid  solotion  has  very  little  smell,  but  possesses  a 
sour  taste,  and  it  first  reddens  and  then  destroys  the  blue  coloiur 
of  litmus. 

From  what  source    bromine  obtained  f 

By  what  proross  is  it  procured  ? 
In  what  state  does  it  exist  at  common  tempGratureat 
At  what  temperatures  does  it  change  ita  ibrras  ? 
What  power  does  it  potMH  in  respect  to  combustion t 
What  effect  has  its  vapour  on  the  mptak  ? 
-  What  compound  is  formed  by  bromine  and  oxygen? 

*  Bromiae  derives  its  appellation  ftom  ila  nanseoos  flavoar,  ^fiQpM^,  itm 

Greek  etymon,  signifying  a  stench. 

t  "  Liquid  bromine,  when  viewed  in  thin  portions  or  small  drops,  dis- 
play8  a  hyacinthine  red  hue  (red  with  a  tinge  of  yellow;)  in  larger  masses, 
Ihe  colour  becomes  so  intense  that  it  appean  opaque  and  Uaek."— JHitoolap* 
iicAf^a  ialrad.  10  Ctai^  voL  t  p.  70. 


Wt.  Hie  speoifiB  fimvity  of  the  vapour  of  bromine  and  its 
stomio  weight,  are  uncertain,  being  yariously  stated  by  different 
experimentalists.  According  to  Benelias,  -toe  combining  weight 
of^this  body  is  78.26;  but  75  is  the  number  generally  adopted. 
Hence  bromic  acid,  containing  1  atom  of  bromine  with  6  of  oxygeOy 
its  equivalent  number  will  be  75  -|-  40  =  115. 

198.  Bromine  unites  with  chlorine,  when  a  current  of  the  latter 
is  passed  through  the  liquid  bromine,  and  the  vapours  which  arise 
at  a  low  temperature  may  be  obtained  by  condensation  in  the  form 
of  a  reddish-yellow  liquid  called  chloride  of  bnmine.  It  has  a  very 
peaetmtliuf  OQOiir»  ana  disagieetble  twte.  It  k  otieiiiely  Yolatil* ; 
and  metafi  ledneed  to  fine  powder  take  fire  in  its  vapour.  The 
aolotion  of  chloride  of  bromine  in  water  acta  powerlnlly  inlyleaoh- 
ittg  yegetable  substances. 

199*  Bromine  unitea  alao  with  iodine*  hydrosen,  enlphar,  phoa* 
phorus,  and  selenium ;  as  well  as  with  many  M  the  metals,  fonn- 
ing  compounds  ealled  bromides* 

Fluorine. 

200.  This  body,  though  from  the  analogy  of  its  mode  of  aetiottt 
when  in  combination  with  other  substances,  to  that  of  oxygen  and 
chlorine,  it  is  supposed,  like  them,  to  be  a  simple  or  elementary 
body,  has  yet  never  been  obtained  in  a  separate  state,  on  account 
of  the  difficulty,  or  rather  impossiblity,  ot  keeping  it  uncombined 
in  vessels  of  any  known  substance  whatever.  Its  compounds  are 
not  of  common  occurrence,  except  the  mineral  called  fluor  spar, 
which  appears  to  be  a  compound  of  fluorine  with  calcium,  or  the 
me^  or  lime;  and  it  only  oeeora  in  a  few  other  mineral  anb* 
atancea* 

901*  Thefinoride  of  calcium  (fluorspar)  may  be  decomposed 
withoot  difllculty;  but  the  fluorine  is  no  sooner  extricated,  than 
it  enters  into  union  with  some  other  body.  One  of  the  comjibunds 
which  it  readily  forms  is  with  hydrooren,  constitntinor  hydrofluoric 
acid^  which  may  be  thus  procilred  :  Let  fluor  spar,  finely  powdered, 
and  mixed  with  twice  its  weight  of  strong  liquid  sulphuric  acid, 
be  distilled  by  a  moderate  heat  in  a  silver  or  leaden  retort,  to 
which  should  be  adapted  a  silver  tube  and  receiver,  the  latter  of 
which  must  be  kept  cool  during  the  operation,  by  immersing  it  in 
a  mixture  of  pounded  kse  or  snow,  and  salt.  The  hydrofluoric  acid 
will  then  pass  orer  in  the  form  of  a  very  yolatile  liquid,  but  having 
the  appearance  of  sulphuric  acid.  It  ia  beat  preserved  in  bottlea 
of  ailver  or  leadt  with  well-fitted  stoppeta  of  the  aame  metsl.  Ita 

What  is  ihe  <x>mbining  weight  of  bromine  f 

How  many  atoms  of  each  ingredient  enter  into  bromic  acid  7 

In  what  manner  can  bromine  be  anited  with  chlorine  t 

What  is  the  compound  called  ? 

What  difficulty  oppofM  the  analytical  investigation  of  the  ptoperttes  ol 

fluorine  ? 

ftog^  what  8uh«tance  may  fluorine  be  disengaged  ? 
flavrmsy  hydrofluocir  aoid  be  received  sad  pieeerved  f 
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F}>f»ciric  g;ravity  is  1.06,  but  it  becnmcs  inrreasrd  in  density  by  tbe 
addition  of  water  to  1.25,  aftbrding  a  sinj^ular  instance  of  fluid 
condensation.  It  has  a  strong  attraction  for  water,  beyond  that  of 
sulphuric  acid  ;  and  great  heat  is  evolved  when  it  is  dropped^nto 
water.  As  it  is  eztremdy  Tolmtilei  the  vtinott  cm  snmild  be 
taken  in  making  experimente,  to  aroid  inlialing  its  i^tpoar,  the 
inritaling  effects  of  wiiich  are  extremely  injarioos ;  and  the  lU^M 
acid  itself  sets  as  a  powerfal  eanstic  when  dropped  on  the 
skin. 

202.  Among  tiie  most  curioQS  and  important  properties  of  this 
acid  is  its  action  on  glass,  which  it  deeply  corrodes,  in  consequence 
of  its  affinity  for  the  basis  of  the  siliceous  earth  contained  in  the 
glass,  with  which  it  forms  a  new  compound  called  silicofluoric 
acid.  Thus  it  decomposes  glass,  and  hence  destroys  the  trans- 
parency of  glass  vessels  or  plates  with  which  it  comes  in  contact. 
This  property  of  the  acid  has  been  ingeniously  applied  to  the  pur- 
pose of  making  engravings  or  etchings  on  glass.  These  are  exe> 
euted  in  a  manner  anaioffoos  to  etchings  on  copper  with  aqoa  fortia« 
Plates  of  glass,  coated  with  bees*  wax  ana  turpentine  melted 
tojgether,  may  haTe  fiffores  traced  on  them  with  an  etching  needle  ; 
after  which  they  maybe  covered  with  the  diluted  acid,  or  exposed 
to  its  vapour,  when  on  removing  the  coating,  the  figures  will  l>e 
found  delineated  on  the  o-lass. 

203.  Attempts  have  been  made  to  procure  fluorine  in  a  separate 
state,  by  decomposing  its  compounds  by  means  of  Galvanism,  or 
by  the  more  usual  operatifms  of  chemical  analysis:  and  in  both 
cases  the  object  has  been  frustrated  by  the  impossibility  of  pre- 
venting the  nascent  element  from  forming  immediately  new  com- 
poundi*  When  hydrofluoric  acid  is  acted  on  by  a  Galvanic  pile, 
inflammable  gas  will  be  given  off  at  the  wire  connected  with  the 
negative  pole,  and  the  opposite  wire  of  platinawill  become  cor* 
lodi^  and  covered  with  a  chocolate*coloured  powder,  wliich  ap> 
pears  to  be  fluoride  of  platina. 

204.  The  combination  of  fluorine  with  silver  (fluoride  of  silver) 
may  be  decomposed  by  means  of  chlorine,  which  unites  with 
the  silver;  but  the  fluorine  cannot  thus  be  obtained  in  a  separate 
state.  For  when  fluoride  of  silver  is  placed  in  a  glass  retort,  and 
chlorine  is  added,  the  fluorine  will  be  extricated  ;  but  it  imme- 
diately decomposes  the  siliceous  earth  of  the  glass,  and  enters 
into  union  with  its  basis  called  silicon,  with  which  it  forms  sllico- 
flttoiie  acid .  If  the  decomposition  be  effected  in  a  vessel  of  platina^ 
fluoride  of  platina,  the  substance  already  mentioned,  will  be 
formed ;  and  if  a  retort  of  lead  or  any  other  metal  be  used,  the 

Wiat  is  its  specific  gravity  ? 

What  prernn lions  are  neccssnry  in  experiments  with  this  gast  ' 

What  is  the  nature  of  the  action  of  fluoric  acid  on  glass  ? 

What  compound  retults  from  thl»  action  f 

Why  cannot  fluorine  he  separately  obtained  ? 

What  opcnrs  in  decomposing  hydrofluoric  acifi  by  GalvaniimT^^ 

Why  may  wo  not  obtain  Huormc  iiom  fluoride  of  silver  f 
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fluorine  will  combine  with  it,  unless  water  be  present,  which  it 
decomposes  to  form  hydrofluoric  acid,  previously  described* 

205.  Besides  the  «onipottiide  dieady  menttoiied,  llttoiine  anitee 
with  horoiit  the  basis  or  boiaetc  and,  with  which  it  coostitates 
boroflnoric  acid,  or  as  it  has  been  also  called,  fluoride  of  boron* 
It  also  unites  with  sulpKnr  and  phosphoms;  but  these  eompoands 
haye  been  but  lately  diecoTOfed.  No  combinations  have  yet  been 
obtained  of  fluorine  with  oxygen,  chlorine,  iodine,  bromine,  earbon* 
or  nitrogen. 

S06«  Hydrogen  is  one  of  the  most  important  among  the  inflam- 
mable sabstances,  being  abundantly  difrased  throug[faout  nature  in 
trartons  states  of  combination.  Its  distinct  existence  as  a  peculiar 
kind  of  matter,  was  first  ascertained  by  Mr.  Cavendish,  in  1766* 
The  specific  gravity  of  hydrogen  gas  being  less  than  that  of  any 
other  substance  with  which  we  are  arqiiaintpd,  it  seems  to  possess 
a  strong;  claim  to  the  title  of  a  simple  or  uncoiupouiided  body. 
The  weight  of  100  cubic  inches  of  hydrogen  tras  is  loss  than  three 
grains,  while  the  same  bulk  of  atmospheric  air  will  weigh  30^ 
grains.  The  comparative  levity  of  this  elastic  fluid  gave  rise  to 
lis  employment  for  the  inflation  of  air-balloons. 

207.  Hydrogen  gas,  when  pure,  is  perfectljr  transparent.  It  Is, 
however,  usuaTl^r  mixed  with  oeriain  adventitious  matters,  wliich 
communicate  to  it  a  terj  unpleasant,  smell,  but  when  these  are 
separated,  it  appears  to  be  completely  inodorous.  It  possesses  no 
taste.  Hydrogen  gas  will  not  serve  for  the  respiration  of  animals, 
though  it  does  not,  like  some  gases,  prove  immediately  deleterious 
to  those  who  breathe  it ;  and  when  largely  mingled  with  atmos- 
pheric air,  it  may  be  respired  with  safety.  Vegetables  grow  and 
flourish  when  confined  in  this  gas. 

208.  Hydrogen  gas  is  extremely  inflammable,  readily  burning 
when  in  contact  witii  oxygen  gi\s  or  atmospheric  air.  The  pro- 
duce of  this  combustion  is  water,  which  is  formed  and  decomposed 
by  many  processes,  natural  and  artiflciaU 

20^•  The  most  usud  method  of  obtaining  hydrogen  gas  for  the 
inflation  of  balloons,  or  for  chemical  experiments,  is  by  Adding  sul- 
phuric acid  tn  a  mixture  of  zinc,  or  iron  filings  or  scraps,  with  water. 
The  metal  in  this  case,  assisted  by  the  acid,  attracts  the  oxygen 
of  the  water,  and  its  hydrogen  is  set  free,  and  may  be  collected 
for  use  by  means  of  a  proper  apparatus.  Hydrogen  gas  may  be 
alt>;o  procured  from  water  by  electricity.  Thus  water  incloseff  iu 
a  glass  tube,  may  be  decomposed  by  passing  through  it  a  current 
of  electric  sparks.  It  may  also  be  separated  into  its  constituent 
parts  by  exposing  it  to  the  action  of  a  Galvanic  battery.* 

With  what  othor  mnterials  does  fluorrne  combine  ? 

How  early  wom  hydrogen  di||Overed  ?    What  are  its  sensible  properties  ? 

What  is  its  infltrance  on  rApimtion  and  on  vegetalion? 

What  is  the  product  of  its  combustion  in  oiygenf 

How  m  hydrogen  obtained  by  aeronauts  ? 

♦  See  above  Np.  9X.  ' 
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310.  Though  hydrogen  may  be  made  to  bum  when  mixed  with 
oxygeiiy  atmospheric  air,  and  other  supporters  of  eombostion,  it 
eztittguitbM  a  lighted  taper,  or  any  baraing  body  immened  in  it* 


It  mar,  as  already  stated*  be  bvsathed  with  safety  for  a  riieit  time* 

thougli  it  will  not  support  animal  life.  If  the  lungfs  be  filled  wiUi 
it  by  inhalmg  a  few  times  this  gas  from  a  bladder,  or  a  bag  of 
oiled  silk,  a  peculiar  effect  is  produced  on  the  voice*  which  is 
rendered  much  'shriller  than  naaali  bat  ita  iaflaence  is  oslj 
temporary.* 

211.  Protoxide  of  hydrogen. — Hydrocren  combines  with  several 
other  simple  substances,  and  especially  with  the  supporters  of 
combustion,  forming  many  important  compounds.  With  oxygen 
it  is  found  to  unite  in  two  proportions.  Wben  two  volumes,  or 
parts  by  measure,  of  hydrogen  ^s,  are  mixed  with  one  volume, 
or  measorey  of  pure  oxygen  gas,  m  a  glass  globe,  or  any  other  re- 
ceptacle previoasly  exhaustM  of  air,  the  gases  being  infiamejl  by 
the  electric  spark,  will  combine  wiUi  the  extrication  of  light  aiid 
heat ;  and  the  interior  of  the  glohe  will  become  lined  with  drops 
like  dew,  which  being  collected  and  weighed,  will  be  found  to 
consist  of  pure  water,  equal  in  weight  to  that  of  the  ^ses  which 
have  disappeared.  There  are  many  modes  of  making  this  experi- 
ment, among  which  may  be  mentioned  the  followinor,  as  being 
easily  practicable,  with  the  assistance  of  an  electrical  machine : 


919.  Avery  larse  bladder.  A,  Is  to  be  filled  with  oxygen  and  hy- 
drogen gases,  in  we  proportions  just  mentioned.  To  the  opening 
must  be  fitted  a  sound  cork,  B,  with  a  short  glass  tube  passed 
through  it,  hy  means  of  which  the  gns^es  may  be  introduced  into  it; 
and  on  each  side  of  the  tube  brass  wires  are  to  be  passed  through 
the  cork,  so  that  their  ends  may  project  a  little  way  within  the 
bladder  at  C,  where  they  are  to  be  brought  within  abuut  a  (iuarter 

What  ia  its  effect  on  a  buminpr  body  wholly  immereed  in  it? 

What  effect  has  it  on  the  voice  when  inhaled  ? 

By  what  chemical  name  should  water  be  de«ignated  ? 

IDieacribe  the  appamtns  Ibr  piodociog  water  by  the  lielp  of  electricity  ? 

~  ♦  This  effect,  is  explained  on  the  principle  advanced  by  Laplace  and  ex- 
perimentally applied  by  Dulong,  that  the  shpillness  of  tones  produced  hy 
Wbienimea  depends  on  their  specific  heat.  And  though  sevoml  obser- 
vafions,  recently  published,  of  facts,  showing  the  diminution  of  power  and 
alteration  of  tone  in  the  human  vo^  on  high  inuuniains,  seem  to  ii^ica(e» 
that  the  specific  gravity  of  the  air,  OT  of  a  gas,  has  an  important  inflaettce 
in  determining  theacuteneas  «f  its  tone ;  yet.  it  will  bo  probably  reconcil- 
able with  the  theory  of  Laplace,  when  we  consider  that  the  gpecific  heat 
of  airia  incrf>aaod  by  the  increase  of  its  buik.^See  billiman's  Journal,  voL 
88,  p.*^  ' 
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of  an  inch  of  each  other.   To  the  ends  of  the  wires  withoat  the 

bladder,  are  to  be  attached  two  other  wires,  D  E,  from  twenty  to 
thirty  feet  in  length.    One  of  these  wires,  D,  is  to  he  brought  in 

contact  with  the  outside  of  an  electrical  jnr;  nnd  the  other  wire, 
E,  to  be  advanced  within  an  inch  of  the  brass  knob,  F,  of  thf*  s;ime 
jar;  then  on  charging  the  jar  l)y  means  of  an  electrical  rnarhiue, 
when  it  has  been  sufficiently  excited,  a  discharge  will  take  place, 
the  spark  passing  from  the  knob,  F,  through  the  wire^  E^^d 
another  spark  will  pass  between  the  wires  within  the  bladder^ 
C,  which  will  occasion  an  explosion  of*ibe  gases,  and  the  produc- 
tioD  of  water,  which  however  will  he  liable  to  be  diasipat^dyhy 
the  boiBting  of  the  bladder*  ,      ^  i 

313.  If  there  be  an  excess,  in  the  mixture,  of  either  of  tl^ie  gSjpB, 
they  will  still  only  unite  in  the  ratio  already  stated,  and  tbe  8ipl!]§^ 
fluous  gas  will  remain  in  an  uncombined  state*  The  p roduciiMj 
of  water  h}^  the  union  of  oxygen  and  hydrogen  gases,  ma}*^  be  ex- 
hibited by  simply  burning  a  jet  of  hydrofron  gas,  from  a  bladder 
with  a  stop-cock,  under  a  bell-glass,  including  atmospheric  air; 
and,  as  the  combustion  proceeds,  water  will  be  formed,  which 
condensing  on  the  inner  surface  of  tlie  glass,  will  trickle  down  its 
sides. 

214.  The  accompanying  figure  re- 
presents a  cheap  and  convenieui  ap- 
paratus for  the  production  of  hydrogen 
gas*  A  glass  phial,  A,  holding  from 
a  pint  to  a  quart,  or  more,  has  one  or 
two  holes,  a  quarter  of  an  inch  in  dia- 
meter, perforated  in  the  bottom.  A 
quantity  of  fragments  of  glass,  B,  too 
];i]  r,o  CO  pass  through  the  holes,  are 
put  into  the  phial,  covering  the  bottom 
one  half  or  three  quarters  of  an  inch 
in  depth.  On  this,  a  layer  of  frag- 
ments orclipjiings  of  zinc,  Z,  is  laid  to 
about  the  same  depth.  A  cork  or  brass 
plucr,  C,  with  a  stop-cock  and  pipe 
IS  then  fixed,  by  cement  or  wax,  to  the 
mouth  of  the  bottle,  and  the  apparatus 
is  ready  for  use. 

dl5«  Opening  the  stop-cock,  and 
plunging  the  bottle  in  its  erect  posi- 
tion into  a  solution  of  sulphuric  acid 
in  Avater,  contained  in  any  suitable 
vessel,  the  liquid  rises  through  the 
holes  in  the  b(jttoni,  expels  the  atmos* 
pheiic  air,  and  iUis  the  phial.  Action 

In  what  praportions»  by  bulk  must  the  two  gases  be  mixed  in  order  to  the 
su'ccen  of  this  experiment !  Dewribe  the  apparatus  fat  the  geneiatioQ  of 
hydrogen  gas  from  sine  and  ■ulphnric  acid  ? 

H  d 
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on  the  zinc  soon  becomes  very  vigrorous,  and  if  the  stop-cock  he 

now  closed,  the  upper  piurt  of  the  vessel  will  soon  be  filled,  the 
generation  of  g^8  will  proceed  until  the  acid  has  been  driven  down 
through  the  holes,  below  the  surface  of  the  stratum  of  broken 
glass,  when  it  ceases,  until  some  portion  of  the  gas  is  let  out,  when 
the  acid  will  follow  by  its  hydrostatic  pressure,  and  generate  a  new 
portion  to  supply  the  deficiency. 

216.  The  composition  of  water  is  shown  by  analysis,  in  the 
experiments  already  mentioned  relative  to  the  production  of  hy- 
drogen gas.  Tt 


Water  may  also  be  decomposed  in  consequence  of  the  affinity 
of  iron  for  oxygen  at  a  high  temperature.  Let  an  open  gim-barref, 
C,  in  the  preceding  figure,  be  filled  towards  the  centre  with 
iron  turnings;  to  one  end  of  it  must  be  luted  a  small  retort.  A, 
containing  water  ;  and  to  the  other  end  a  bent  tube,  F,  terminat- 
ing under  a  gas-holder,  or  an  inverted  glass  jar,  filled  with  water, 
G.  The  gun-banr^*]  passing  across  a  furnace,  or  a  large  chafing-dish, 
is  to  be  heated  by  ixwans  of  charcoal ;  and  when  it  is  red-hot, 
the  water  of  the  retort  mutstiie  made  to  boil,  by  placing  under  it 
a  small  lamp,  and  the  steam  passWg  over  the  red-hot  iron  will  be 
decomposed  ;  its  oxygen  will  unite  with  the  iron,  and  the  hydro- 
gen thus  set  free,  will  pass  through  the  tufe,-lJL^nd  be  collected 
under  the  bell-glass,  G. 

217.  If  this  experiment  be  carefully  made,  by  using  a  ct^npact 
porcelain  or  glass-tube,  instead  of  the  gun-barrel,  and  weighing, 
the  iron  before  and  after  the  operation,  it  will  be  found  to  have 
gained  exactly  as  much  as,  added  to  the  gas  produced,  will  be 
equal  to  the  weight  of  the  water  consumed.  Hence  it  will  appear, 
that  water  consists  of  eight  parts  by  weight  of  oxygen,  and  one  of 
hydrogen. 

218.  Water  may  also  be  decomposed  by  means  of  the  Galvanic  or 
Voltaic  battery,  and  by  various  other  methods :  but  in  whatever 
manner  it  be  examined,  it  will  be  found  to  consist  of  the  sanae 
proportions,  namely,  one  volume  of  oxygen,  and  two  volumes  of 

How  may  the  composition  of  water  bo  shown  by  its  analysis? 
In  what  manner  may  the  proportion  of  the  ingredients  thus  obtained  be 
determined  ? 

Slate  the  relations  both  by  volume  and  weight  of  the  two  ingredients 
•  thus  procured. 
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bydrogen ;  or  eight  parts  by  weight  of  oxygen  and  one  of  hydrogen. 
Hence  it  follows  that  oxygen  gas  must  be  sixteen  times  the  weight 
of  hydrogen  gas  :  therefore,  this  fluid  may  be  supposed  to  consist 
of  one  atom  of  hydrogen,  having  only  the  eighth  part  of  tlie  weight 
of  an  atom  of  oxygen,  and  the  combining  number  of  which  will 
llieiejfoie  be  1;  uti  om  atom  of  oxygen,  tbe  eombining  num- 
ber of  whiebnoolbe  8;  oo  thai  the  oombiaing  or  proportioaal 
ftomber  ^  water  will  be  l^  the  aom  of  the  nvmbeia  of  ita  ooeatt* 
tiieni  parte. 

219.  Oxygen  and  hydrogaa  will  alaoeombine  in  the  proportion 
of  equal  bulks  of  each  eaa.  This  compound  which  has  beea 
called  deutoxide  or  peroxide  of  hydrogen^  was  discovered  in  July, 
1818,  by  M.  Thenard,  who  procured  it  by  the  addition  of  peroxide 
of  baryum  and  muriatic  acid  to  water,  and  afterwards  precipitating 
the  resulting  protoxide  of  baryum  with  sulphuric  acid ;  the  excess 
of  oxygen  in  the  peroxide  entering  into  combination  with  the 
water,  and  thus  converting  it  into  oxygenated  water,  or  peroxide 
of  hydrogen*  Bui  other  aaditiona  and  repeated  manipalataona  aw 
lequtaite  to  aeparate  the  immatic  aeid  from  the  oxyj^enated  water* 
aad  obtain  the  latter  in  a  pure  atatOy  the  prooeaa  betng  altogether 
eomplicated  and  troublesome.* 

220.  Peroxide  of  hydrogen  thus  prepared,  is  a  coloarlesa  aymp- 
like  substance,  of  the  specific  gravity  of  about  1.45.  It  is  nearly 
destitute  of  smell,  destroys  vegetable  blue  colours,  and  bleaches 
the  skin,  on  which  it  acts  as  a  caustic  when  the  application  is 
continued.  It  rises  in  vapour,  even  at  low  temperatures,  and  can- 
not be  congealed  by  cold.  At  58°  of  Fahrenheit  it  becomes  de- 
composed, oxygen  gas  being  given  off  in  abundance,  and  at  the 
heat  of  boiling  water  it  explodes.  It  is  decomposed  by  all  the 
metals,  except  iron,  tin,  antimony,  and  tellurium.  The  metals 
ahoold  be  powdered,  or  otherwise  finely  divided ;  and  with  some 
of  them,  as.  silver,  gold,  or  platina,  the  deeompoaition  takes  place 
with  the  evolution  of  light  and  heat. 

221.  Among  the  most  important  eomponnds  of  hydrogen,  is 
that  which  it  forma  with  chlonne,  constitating  the  powerfm  acid 

'commonly  called  muriatic  acid^  and  sometimes  hynrochhric  add. 
Under  the  former  appellation,  it  has  long  been  known,  and  also 
under  that  of  spirit  of  salt,  being  obtained  from  the  decomposition 

What  ooncliuions  may  we  draw  from  the  facts  thus  developed  in  regard 
lo  the  atomic  constitution  of  the  two  gaaes  ? 

What  oompoimd  other  than  water  may  be  fiurmed  (tf  oxygen  and  hydro- 
gen? 

When  and  by  whom  was  it  discovered  ? 

What  are  the  distinguishing  piopertiei  of  0ie  peroiide  of  hydrogen  t 

At  wimt  temperature  is  it  decomposod  ? 
How  does  it  react  on  silver,  gol(!,  and  platina  ? 
What  compound  docs  hydrogen  ibrm  with  chlorine  ? 


*  For  an  accoant  of  the  mode  of  obtaining  this  body,  see  Jour,  of  Soienee, 
ed.  at  a.  I.,  vol.  iii.  pp.  115—120.  AlaoWebt^s  Manual  of  ChenmMry,  on 
Ihe  basif.  of  Brande's  p.  967. 
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of  common  or  marine  salt.  In  this  statr  it  is  a  liquid,  being  com- 
bined with  water;  but  it  may  also  be  obuiined  alone,  in  the  form 
of  gas,  and  the  mode  of  procuring  it  was  first  described  by  Mr. 
Cayendish,  in  1766* 

It  mm  8«ppoMd  that  mmlatic  aoid«  like  the  nitriev  sol- 
pbarie,  and  maay  othera,  oonaiated  of  oxygen  eombined  wtthaone 
addifiable  baae«  and  in  paranance  of  that  notion  yarioua  attempts 
were  made  to  decompose  it,  all  which  proved  liBore  or  less  ui- 
latisfactory.  At  length  it  was  ascertained,  through  the  experi- 
ments of  Sir  H.  Davy  in  England,  and  of  Gay  Lussac  and 
Thenard  in  France,  that  muriatic  acid  ^as,  when  pure,  may  be 
separated  into  hydrogen  and  chlorine,  and  that  consequently 
oxygen  does  not  enter  into  its  composition.  Hence  it  appears 
that  Scheele— (who  discovered  chlorine,  and  obtained  it,  by 
separating  from  it  the  hydrogen  with  whicb  it  is  united  in  muria- 
tic acid,  and  which  he  therefosa  aoppoeed  to  he  a  eomponad 
hvdrogen  with  the  newly-obtained  gaat)— Ibrmed  a  cornet  coa^ 
efttsion. 

SS3.  If  chlorine  and  hydrogen  in  equal  quantltiea  by  meaeero 
be  mixed  together,  and  ( xploded  by  the  electric  spark,  or  a  burn- 
ing match,  muriatic  acid  will  be  formed ;  and  if  the  experiment  be 

properly  conducted,  the  quantity  of  acid,  or  compound  g^^s  obtain- 
ed, will  be  equal  to  that  of  both  the  constituent  gases  taken 
tofrether.  Thus,  if  50  cubic  inches  of  clilorine,  and  as  many 
of  hydrogen  be  exploded  by  electricity,  100  cubic  inches  of 
muriatic  acid  will  be  obtained ;  and  as  the  weight  of  chlorine  is 
to  that  of  hydrogen  as  36  to  1,  their  combining  or  proportional 
numbers  must  be  in  tlie  same  ratio,  and  the  combining  number 
of  mnriatic  acid  will  oonse^iiently  be  37* 

324.  Muriatic  acid  gas  is  odourlees,  and  has  an  intmsely  add 
taste,  and  a  peculiar  pungent  smell.  It  cannot  be  respired,  and  it 
is  incombustible,  extinguishing  burning  bodies  plunged  Into  it. 
Like  other  acids  it  reddens  yegetable  bloes,  as  litmus  paper ;  but 
turmeric  paper  exposed  to  it  acquires  a  brown  tint,  not  unlike  that 
produced  by  an  alkali.  The  attraction  of  this  gas  for  water  is  very 
great,  so  that  it  immediately  forms  fumes  like  white  clouds,  when 
suffered  to  escape  into  the  air,  by  combining^  with  the  water  con- 
tained in  it.  Water  at  the  teniperature  of  40^,  absorbs  480  times 
its  own  bulk  of  muriatic  acid  gas,  bein^  at  the  same  time  increased 
in  quantity.  The  solution  forms  common  muriatic  acid,  which, 
when  pure,  is  colourless,  and  possesses  all  the  general  properties 
of  the  gas.  Its  specific  gravity  Tariea  according  to  the  quantity 
of  the  gas  with  which  the  water  is  combined ;  out  it  ia  nsaaUj 
about  1.16  or  1.17. 

Who  first  ascertained  the  true  nature  of  muriatic  acid  ? 

By  whom  was  chlorine  first  obtained  from  this  acid  7 

Aow  Hifty  it  be  directly  ooraposed  from  chlorine  and  hydrogen! 

What  aro  the  Rensible  properties  of  muriatic  acid  gati 

What  effect  lias  it  upon  combuslion  ? 

What  portion  of  it  may  be  absorbed  by  water  ? 
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^5.  Mwiatie  aoid  is  oammonly  procured  from  the  decompo- 
sition of  eommon  salt,  by  means  of  sulphario  acid  diluted.  In 
this  case  a  double  decomposition  takes  place.  The  salt,  which 
is  a  compound  of  chlorine,  with  the  metal  sodium,  (the  basis  of 
soda,)  being  introduced  into  a  tubulated  retort,  on  adding  to  it  sul- 
phuric acid,  and  applying  heat,  the  water  mixed  with  the  acid  be- 
comes decomposed,  and  its  oxygen  uniting"  with  the  sodium  forms 
soda,  which  combines  with  the  sulphuric  acid,  while  the  hydrogen 
of  the  water  unites  with  the  chlorine  thos  set  free,  to  form  ma- 
riatio  or  hydroehloiie  add.  If  the  operation  be  eondncted  oyer 
mercury,  the  gas  will  be  obtained  in  great  parity,  thonffb  not 
free  from  water.  A  process  very  similar  to  Mb  is  usoalljr  adopted 
fw  procuring  liquid  muriatio  aeid;  the  gaseoas  aeid«a8  it  is  pro* 
dnced,  bein^  condensed  in  a  series  of  bottles,  each  containing  a 
small  quantity  of  water,  and  provided  with  safety  tubes. 

226.  Hydrogen  and  iodine,  placed  in  contact,  combine  slowly  at 
a  moderate  temperature,  but  the  union  more  readily  takes  place 
when  iodine  is  heated  in  hydrogen  gas ;  an  acid  gas  being  formed, 
which  is  rapidly  absorbed  by  water,  and  which  is  decomposed  by 
mercury,  and  therefore  cannot  be  preserved  lon^g^  over  that  fluid. 
The  gaseous  product  is  called  ht/drhdie  eekL  There  are  Tarioos 
modes  of  preparing  it,  one  of  the  most  convenient  of  which  is  bT 
exposing  eight  parts  of  fodine  and  one  of  phosphoms,  moistened 
with  water,  m  a  small  retort,  to  a  gentle  heaty  when  the  gas  will 
be  eyolved}  and  must  be  receired  over  merenryt  bat  transferred  as 
qoiekly  ea  possible  into  an  exhausted  vessel,  or  it  may  be  allowed 
to  pass  over  into  a  bottle  filled  with  atmospheric  air,  in  the  manner 
directed  for  procuring  chlorine  gas;*  both  these  gases,  from, 
their  specific  gravity,  being  capable  of  expelling  common  air 
in  a  great  measure  from  an  open  vessel  when  poured  into  it. 

227.  Hydriodic  acid  is  a  colourless  elastic  fluid,  having  a  sour 
taste,  reddening  vegetable  blues,  and  exhaling  an  odour  like  that 
of  muriatic  acid,  white  fumes  escaping  when  it  is  exposed  to  the 
atmosphere.  Its  specific  gravity  is  4.34,  that  of  atmospheric  air 
being  I ;  and  100  cabic  inmies  weighing  133.4  grains.  A  saturat- 
ed solution  of  hydriodic  gas  may  be  obtained  by  careful  erapora^ 
tion  of  water  impregnated  with  it,  bypassing  sulphuretted  hydro- 
gen through  a  mixture  of  iodine  and  water.  The  liquid  acid  has 
a  specific  gravity  of  1.7.  It  dissolves  iodine,  acquiring  a  deep 
brown  colour,  and  it  is  decomposed  by  the  nitric  and  sulphuric 
acids.   The  aoid  in  its  gaseous  state  is  decomposed  by  chioriae» 

What  process  is  commonly  employed  for  obtaininine  muriatic  acid  ? 
What  sueceMpn  of  reactioiif  it  supposed  to  take  plm  when  this  pio- 
cess  is  employed  ? 
By  what  method  is  hydriodic  acid  most  conveuiently  prepvedf 
What  are  the  sensible  properties  of  this  gas  ? 
In  what  manner  may  hydriodic  aeid  be  obtained  in  a  li^piid  ilsle  f 
What  it  ita  tpedfic  gmvitjr? 


*  See  above  Mo.  179. 
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Aifimtlc  acid  being fon—d,  and  the  iodine  set  freet  Axnning  violet* 
coloured  fumes,  wKen  the  chlorine  is  nixed  with  atmospheric  air* 

From  the  action  of  mercury,  and  some  other  metals,  on  hydriodic 
acid  fras,  causing  the  evolution  of  half  its  volume  of  hydrogen,  it 
may  be  inferred  that  this  acid  is  composed  of  1  equival* >nt  of  each 
of  Its  constituents,  and  therefore  its  combiniog  number  must  be 
124  -f  1  =  125. 

228.  Hvdrorren  and  bromine  do  not  enter  into  combination,  when 
the  vapour  of  the  latter  is  mingled  with  the  former  and  exposed 
to  the  light  of  the  tun ;  but  the  mixture  may  be  inflamed  by  in- 
troducing into  it' a  lighted  mnteh,  or  led-hot  iron,  when  union  teken 
place,  but  without  exploelon*  The  prodnet  is  a  eolouHeas  gnn, 
which,  from  its  properties,  has  been  a^led  hydrobromie  add»  It 
may  also  be  procured  from  the  decomposition  of  water,  by  means 
of  bromine  and  phosphorus,  in  a  mode  aoalogoiia  to  that  in  which, 
hydriodic  acid  is  obtained. 

229.  The  hydrobromie  acid  gas  is  rapidly  absorbed  by  water, 
but  may  be  preserved  over  mercury.  Its  aqueous  solution  is  at 
first  colourless,  but  it  readily  dissolves  bromine,  and  receives  from 
it  a  yellow  tint.  It  is  decomposed  by  chlorine,  and  likewise  by 
nitric  acid,  but  not  so  easily  by  the  sulphuric  acid.  In  the  mode 
of  its  composition  it  resembles  the  hydriodic  acid,  and  may  be 
Buppoaed  to  conaiet  of  1  atom  of  bromine  and  1  of  hydrogen,  so 
^at  its  combining  number  will  be  7%  4*  1  ^  70* 

930.  Hydrogen  combines  with  fluorine  to  form  the  compc»and 
called  hydrofluoric  acidy  the  properties  and  method  of  procuring^ 
which  have  been  already  described.*  Fluorine  having  never  beea 
obtained  in  a  separate  state,  its  equivalent  or  combining  number  can- 
not readily  be  ascertained.  It  has  been  variously  estimated,  from  16 
to  10  ;  and  since  hydrofluoric  acid  may  be  rccrarded  as  hearincr  an 
analogy  of  constitution  to  the  other  hydrogen  acids,  it  must  he  con- 
sidered as  composed  of  I  atom  of  fluorine  and  1  of  hydrop^en,  and  if 
19  be  taken  as  the  atomic  weight  of  the  former,  that  of  the  latter 
must  consequently  be  19  -f-  1  =  20. 

S^l*  Hydrogen  forms  compounds  with  a  few  only  of  the  electro* 
positive  bodies,  as  nitrogen,  sulphur,  phosphorna,  arsenio*  and 
tellurium;  and  the  most  important  of  these  combinations  will  be 
subsequently  described*  In  some  respiNste  hydrogen,  in  a  va  * 
of  chemical  operations,  appears  to  act  as  a  sort  of  antagonist  jn 
to  oxygen,  the  one  exhibiting  the  highest  degree  of  electro-negative 

What  are  the  results  of  it«  decomposition  by  chlorine  ?  "    -f  * 

What  number  of  volumes  of  each  constituent  enter  intohydiftMic  afid  ? 

What  is  its  atomic  weight  t 

Wlmt  combination  is  hydiogen  Capable  of  Ibrmiug  witllMlpue? 

What  with  fluorine  ? 

What  is  supposed  to  be  the  atoraic  constitution  of  iliis  latter  oompound  T 
With  which  of  the  electro-positive  bodies  may  hydrogen  combine  f 
What  electrical  relation  does  this  gas  appear  to  sostam  to  oxygen  t 


*  See  above  Na  SOL 
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energy,  *and  the  oUier  perhaps  the  vtmoet  eleetro-pesilire 

energy.  Next  to  oxygen  it  18  apparent!]^  ^e  moet  widely  extended 
.and  abnndant  of  all  known  bodies.   Like  oxygen,  also,  it  forms, 
in  combination  with  other  elements,  three  sorts  of  compounds : 

thus,  with  chlorine,  iodine,  &c.,  it  constitutes  acids;  with  nitro- 
gen, ammonia,  a  salifiable  basis  ;  and  with  oxygen  itself  it  forms 
water,  with  arsenic,  arseniuretted  hydrogen,  neither  of  which 
bodies  have  acid  or  alkaline  properties.* 

Nitrogen^ 

S32.  As  this  gas  is  contained  in  a  large  pro- 
p(»rtion  in  atmospheric  air,  it  may  be  procured  by 
JgT  burning  phosphorus,  in  air  inclosed  over  water,  in 
a  tall  glass  jar.  The  phosphorus  may  be  placed 
in  a  small  basin  of  wedgwood  ware,  as  in  the 
annexed  figure ;  and  after  having  been  inflamed 
with  a  red-hot  iron,  it  is  to  be  covered  w  ith  the 
inverted  jar  or  bell-glass,  A.  The  jar  should  have 
an  open  neck  at  top,  filled  with  a  stopper,  which 
most  not  be  inserted  at  first,  part  or  uie  air,  ex- 
panded by  heat,  being  allowed  to  make  its  esospe :  the  stopper  is 
then  to  be  replaced,  and  the  combustion  suffered  to  continue,  till 
the  phosphorus  becomes  extinguished,  in  consequence  of  all  the 
oxygen  having  been  consumed.  The  remaining  after  the  Jar 
has  cooled,  must  be  well  washed  with  lime-water,  and  the  pro- 
duct will  be  pure  nitrogen. 

233.  This  gas  may  also  be  obtained  by  allowing  atmospheric 
air  to  stand  in  an  inverted  jar,  over  a  mixture  of  equal  parts  of  iron 
filings  and  sulphur,  made  into  a  paste  with  water ;  which  mixture 
would  absorb  the  oxygen  of  the  air,  and  leave  the  nitrogen  be- 
hind. Another  method  of  procuring  nitrogen  is  by  passing 
chlorine  gas  through  a  strong  solution  of  ammonia  in  water.  lu 
this  case  the  ammonia,  which  is  a  compound  of  hydrogen  and 
nitrogen,  becomes  decomposed  by  the  chlorine,  which  unites  with 
its  hydrogen  to  form  munatic  acid,  and  the  nitrogen  is  given  out. 
If,  however,  a  larire  proportion  of  chlorine  be  used,  chloride  of 
nitrogen  will  be  formed. 

234.  NitrojTPn,  however  it  may  be  obtained,  is  a  permanently 
elastic  fluid,  it  having  hitherto  resisted  all  attempts  to  reduce  it  to 
the  liquid  state  by  compression  and  low  temperature.  It  is  a 
colourless  gas,  destitute  of  taste  and  smell,  unfit  for  respiration, 
and  is  neither  inflammable  nor  capable  of  supportjng  combustion, 

In  what  manner  mankrogen  be  procnied  from  atmMpheric  airf 

Describe  the  apparatip^dapted  to  this  purpose. 

In  what  manner  are  sulphur  and  iron  em]AoycNl  for  Ihe  same  purpose? 

How  chlorine  and  ammonia  ? 

What  is  the  explsiiation  of  tha  latter  proceM? 
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bumbgbodiMiiitradDced  into  itbtooniaf  iMtasdyextiiigi^sbed. 

It  has  no  action  on  veffetable  colours,  nor  npon  lime-water^  and  is 
absorbed  hy  water  only  in  a  very  minute  proportion.  Its  weigbt 
is  fourteen  times  that  of  hydrogen,  and  it  is  Uierefoie  somewliat 
lighter  than  atmospheric  air. 

235.  Nitrogren  enters  into  conihination  with  oxygen  in  yarious 
proportions,  funning  several  important  chemical  compounds.  It 
18  likewise,  as  already  stated,  one  of  the  constituents  of  atmos- 
pheiie  sir,  which  consists  of  this  gas,  mixed  wiUi  oxygen,  and 
snsll  ommtities  of  sqneoas  Tapoiir  sm  casbonio  add  gas ;  battboao 
latter  oodies  appear  to  exist,  not  only  in  compaiatiTely  miaiile, 
but  also  in  variaole  quantities.  The  physical  properties  of  atmos* 
pheric  air  ha?e  been  already  descnbed  and  elucidated  in  Uie 
Treatise  on  Pneamades ;  the  notice  of  it  h«re  will  theiefofe  be 
confined  to  its  chemical  properties  and  modes  of  action. 

23 (j.  It  is  now  g^enerally  admitted  by  chemists,  that  though  the 
essential  constituents  of  atmospheric  air,  oxygen  and  nitrogen, 
are  always  found  in  the  same  proportions,  yet  this  compound  gas, 
in  which  we  live  and  breathe,  is  a  mere  mixture  of  its  component 
parts.  Considered  in  this  point  of  view,  common  air  presents  a 
wonderful  uniformity  in  various  situations.  For  air,  collected  by 
means  of  a  balloon,  at  Ae  distanee  of  moie  than  SlfObo  ftet  above 
the  surface  of  ike  earth,  or  at  the  lefid  of  the  sea,  proeoied  fiom 
the  interior  of  crowded  towns  or  eilies,  or  horn  the  tops  of  high 
monntains,  and  from  the  equatorial,  w  fron  the  polar  rsgloiis  of 
the  earth,  is  found  to  contain  about  one  part,  by  measure,  of 
oxygen,  and  four  of  nitrogen. 

237.  The  general  constittttioa  of  the  atmosphere  may  be  ihnm 
more  exactly  stated : 

'  By  Measure.  %  Weight. 

Nitrogen     •       77.5      •      •  •75.55 
Oxygen       .21.        ...  23.32 
^         Aqueous  vapour     1.42     .       .       •  1.03 
Carbonic  acid       0.08     •      •      •  O.lO 


100.  100. 

The  quantity  of  aqueous  vapour  must,  howerer,  diways  depend 
on  the  temperature  of  the  air  and  its  relation  to  the  dew-poinij^ 

S^*  Since  nitrogen  gas  is  chuaeterised  ehiefly  by  negallvB 
properUes,  and  is  especially  unfit  for  respiration,  the  parity  of  the 
atmosphere  is  always  estimated  by  the  quantity  of  oxygen  g^s 
which  it  contains;  and  henee  the  employment  of  iastnunems 

What  are  the  leading  properties  of  nitrogen  t 

In  what  state  is  it  supposed  to  exist  in  atmosDheric  air? 

What  has  been  frnna  to  be  the  eonstitation^  air  brought  flora  great 

heights  ? 

What  proportion  by  measure  and  by  weight  aro  the  two  chief  il^gtedl> 
ants  of  atmoephehc  air  always  found  to  mamtain  ? 

*  See  TieatiM  on  Meteorology. 
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called  eudiometers,  consisting-  in  g-eneral  of  tubes,  adapted  to  ap- 
paratus for  absorbiuj^  or  cousuminnr  the  oxygen  of  a  given  cj^uantity 
of  air,  and  for  measuring  tiie  residuum. 
/  239.  Among  the  chemical  compounda  of  nitrosen  and  oxygen, 
tiie  first  is  the  protoxide  of  nitrogen^  containing  a  larger  proportion 
of  oxygen  than  is  found  in  common  air,  but  less  than  in  any  other 
of  the  chemical  compounds.  Tliis  oxide,  which  is  a  gaseous 
body,  was  discovered  by  Dr.  Priestley  in  1776,  and  by  him  termed 
dephlofristicated  nitrous  air ;  by  others  it  has  been  styled  gaseous 
oxide  of  azote ;  and  as  elsewhere  mentioned,  from  its  effrcts  when 
respired,  intoxioatin'T  [ras.  It  may  ho  obtained  by  exposing  the 
next  compound,  nitric  oxide,  over  a  mixture  of  sulphur  and  iron 
filiiifrs  ;  by  which  the  oxygen  will  be  partially  absorbed,  and  the 
prutoxide  formed.  It  may,  however,  be  obtained  more  readily, 
and  in  a  state  of  greater  purity,  by  heating  in  a  glass  retort  over  a 
lamp  the  salt  called  nitrate  of  ammonia,  which  becomes  decom- 
posed at  the  temperature  of  about  420°,  into  hydrogen  alld  pro- 
toxide of  nitrogen*. 

240.  The  gas  thus  obtained  is  destitute  of  colour,  and  has  a 
sweet  taste,  and  a  peculiar  agreeable  smell.  It  is  easily  absorbed 
by  cold  water,  which  takes  up  about  its  own  bulk  of  this  gas,  and 

fivds  it  out  when  heated.  It  does  not  chaYi gc  the  colour  of  vegetable 
h]p<?.  It  19  a  S'.ipporter  of  combustion,  and  ;i  tapnr  introduced 
into  it,  which  has  been  lighted  and  just  extinguished,  will  be  re- 
kindled, and  burn  with  an  enlarged  flame,  surrounded  by  a  purplish 
halo.  Iron  wire  or  charcoal,  previously  made  red-hot,  will  burn 
in  it  almost  as  brilliantly  as  in  oxygen  gas,  but  for  a  shorter  time. 
Phosphorus  and  sulphur,  when  introduced  into  it  while  in  a  state 
of  active  inflammation,  burn  with  great  violence ;  but  if  immersed 
in  this  ^  while  they  axe  boming  but  faintly,  the  flame  becomes 
extinguished* 

d41.  When  mixed  with  hydrogen,  the  protoxide  of  nifrogen  may 
be  made  to  detonate  by  means  of  flame,  or  of  an  electric  (^»ark* 
Two  cubic  inches  of  the  protoxide  require  two  cubic  inches  of 
hydrogen  for  its  decomposition  ;  water  in  this  case  being  produoedf 

and  two  cubic  inches  of  nitrngcn  remaining.  Now,  since  two 
cubic  inches  of  hydrogen  require  one  cubic  inch  of  oxyeren  to  form 
water,  the  protoxide  of  nitrogen  must  be  composed  of  two  cubic 
inches,  or  volumes  of  nitrogen  and  one  of  oxygen,  condensed  into 
the  space  of  two  volumes. 

242.  The  singular  effect  of  this  gas  when  breathed  has  been 
already  mention^.  Though  the  temporary  use  of  it  is  seldom  at- 
tended with  inconvenience,  yet,  ftom  the  great  excitement  it  pro- 
duces, it  cannot  be  long  breathed  without  danger.  Experiments 

Bv  whom  was  protoxide  of  nitrogen  first  obtained? 
How  is  it  obtained  from  nitrate  of  ammonia  ? 
What  are  its  sensible  and  chemical  propertieu  ? 
How  doM  it  react  when  heated  with  hydrogen? 
What  reasoning  on  this  experimnt  leads  us  to  Che  true  ftonrtitntMm  of 
protoxide  of  nitni^en  ? 
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relattye  to  its  effiBets  may  b«  made  by  filling  a  clean  bladder  with 
aome  of  the  gas,  the  purity  of  which  baa  Been  preyiouBly  aacer- 
tained,  and  it  may  then  be  inhaled  tbrongfa  a  pipe,  with  a  atop- 
coek  adapted  to  it.  Different  persons  are  yariously  affected  by 
it;  with  some  it  appears  to  be  nearly  inactive,  but  rooet  persons 
on  usin^  it  feel  their  spirits  greatly  exhilirated,  as  by  the  moderate 
UBe  of  wme  ;  and  upon  the  whole,  it  may  be  reo^ardrd  as  occasion- 
ing the  incipient  and  most  agreeable  etfects  of  intoxication. 

y  13.  The  nitric  ujcidt  or  nmtoxide  of  nitrogen,^  though  not  first 
flicrovered,  was  first  carefully  examined  by  Dr.  Priestley,  who 
gave  it  the  name  of  nitrous  jras.  It  may  be  obtained  by  decom- 
posing nitric  acid  by  lueuns  uf  metals,  as  by  pouring  the  acid  on 
copper  filings,  in  a  retort*  and  collecting  the  fumes  which  will  be 
prodaced  over  wator.  The  first  portions  that  pass  over  are  con- 
taminated with  nitrogen  and  nitrous  acid  gas,  and  should  there-' 
fore  be  rejected.  Nitric  oxide  is  a  colourless,  gaseous  fiuid, 
sparingly  soluble  in  water,  and  not  affecting  the  colour  of  vegeta- 
ble blues.  It  is  quite  unfit  for  respiration.  Most  flaming  bodies, 
as  burning  sulphur,  are  extinguished  when  immersed  in  it;  but 
charcoal  and  phosphorus  readily  burn,  if  introduced  into  it  in  a 
state  of  intense  ignition.  It  does  not  explode  with  hydrogen  in 
any  proportion,  but  produces  a  green  flame,  if  burnt  with  it,  in 
common  air.  When  nitric  oxide  is  mixed  with  oxygen  gas,  deep 
red  fumes  are  formed,  which  are  readily  absr)rbed  by  water;  and 
the  same  phenomenon  takes  place  when  this  gas  is  mixed  with 
the  atmosphere*  or  with  any  ur  containing  oxygen.  Supposing 
the  atomic  weight  of  nitrogen  to  be  14*  this  oxide  eonsi8tin<r  of  I 
atom  of  nitrogen  and  S  of  oxygen,  its  combining  weight  must  be 
14-1-16  =  30. 

S44.  Hypmitrous  acid  is  a  compound  of  nitrogen  and  oxygen,  in- 
termediateas  to  nitric  oxide  and  nitrous  acid*  which  was  discovered 

by  Gay  liussac.  It  may  be  produced  by  mixing  nitric  oxide  and  oxy- 
gen over  mercury,  with  a  little  concentrated  solution  of  potash  float- 
ing above  it.  The  proper  proportions  are  four  volumes  of  nitric 
oxide  and  one  of  oxygen,  which  combine  together  and  unite  with 
the  potash  ;  from  which  the  hyponitrous  acid  cannot  be  disengaged 
without  decomposition. 

245.  Nitrous  acid  is  the  next  compound,  which  may  likewise 
be  formed  by  adding  oxygen  to  the  nttiie  oxide;  this*  however^ 
must  be  done  in  an  exhausted  glass  vessel,  for  the  nitrous  acid  is 

What  eflTocts  does  it  produce  on  the  system  when  inhaled  ? 
What  name  did  Priestley  apply  to  the  deutoxide  of  nitrogen  ? 
In  what  manner  is  that  gas  obtained  f 
Wli  a  are  its  properties? 

Whui  substances  may  be  maintained  in  a  state  of  ignition  within  it? 

How  does  it  act  upon  oxygen  ? 

What  are  its  composition  and  atomic  weight  f 

In  what  com{K>uiia  does  the  next  degree  of  oiygenation  aboye  that  of 

deutoxide  of  nitrogen  exist  7 

By  whom  was  hyponitrous  acid  discoverodt 
State  its  composition  and  properties. 
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abfloibed  both  by -water  and  by  meieiiTy.  When  two  rolomea 
of  nitrous  oxide  and  one  volume  of  oxygen,  are  thus  mixed,  heat 
is  OToWed,  and  the  gases  become  condensed  to  one-third  of  their 
wiginal  bulk,  forming  nitrous  acid.  This  gas,  which  becomes 
ledueed  to  the  liquid  state  at  zero  of  Fahrenheit,  is  readily  absorbed 


combustion  of  charcoal  and  phosphorus,  but  extinguishes  burning 
sulphur. 

246.  Nitric  acid  is  a  compound  in  which  oxygen  exists  in  the 
largest  proportion.  Ft  is  said  to  have  been  produced  in  a  minute 
quantity  by  passing  electric  sparks,  for  a  long  time,  through  a 
mixture  of  nitrogen  with  oxygen  ;  but  it  may  be  more  readily  ob- 
tained by  passing  nitric  oxide  very  slowly  into  oxygen  gas  over 
water*  Howerer,  the  nsnal  mode  of  procuring  it  is  by  the  decom- 
position of  nitre  (nitrate  of  potash)  with  snlphnric  acid ;  the  latter 
entering  into  combination  with  the  potash,  and  the  nitric  acid  may 
be  distilled  over  :  thus  procured,  it  contains  at  least  one-fourth  its 
weight  of  water,  and  is  therefore  called  hyd rated  nitric  acid,  and 
popularly  aqua  fortis.  In  this  slate  it  is  a  transparent  liquid, 
colourless  when  pure,  having  an  intensely  sour  taste,  and  acting 

SowerfuUy  on  animal  substances,  tinging  the  skin  yellow  when 
ut  lightly  applied  to  it.  It  acts  with  great  energy  on  most  sub- 
stances which  have  an  affinity  for  oxygen,  and  which  thus  decom- 
pose it. 

247.  When  brought  in  contact  with  hydrogen,  at  an  elevated 
lemperatorei  a  yiolent  explosion  takes  place;  the  experiment 
theiefore  cannot  be  made  without  dan|[er.  If  it  be  poured  on  warm, 
dry,  pulyerised  charcoal,  indammatton  ensues;  and  abundant 
fumes  of  nitric  oxide  are  ^Ten  out.  Inflammation  may  also  be 
produced  by  pouring  nitric  acid  on  spirit  of  turpentine ;  but  this 
experiment  requires  caution,  and  the  best  method  of  performing 
it  IS  by  affixing  the  phial  containing  the  acid  to  the  end  of  a  long 
rod,  as  some  degree  of  explosion  takes  place.  Other  essential  oils 
may  also  be  inflamed  by  this  acid  ;  and  with  oil  of  amber,  it  forms 
a  resinous  compound,  which  has  been  called  artificial  muskj 
having  an  odour  somewhat  resembling  that  of  musk. 

248.  Chloride  of  nitrogen. — Nitrogen  combines  with  chlorine, 
though  their  mutual  affinity  is  inconsiderable ;  and  therefore  the 
eoroponnd  is  most  readily  obtained  by  the  indirect  process  of 
passing  a  eorrent  of  chlorine  gas  through  a  solution  of  any  salt 
oontaining  ammonia,  at  a  temperature  of  uiout  90^.  The  salt  best 
adapted  for  this  purpose  is  nitrate  of  ammonia,  or  that  which  is 
obtained  by  the  union  of  nitrio  acid  with  ammonia*  Hie  compound 

How  many  volumes  of  nitrogen  and  oxygen  respectively  form  niuout 
acid  ? 

In  what  nuumer  ii  nitrio  acid  best  procured  f 

What  name  is  commonly  applied  to  this  acid  ? 
On  what  class  of  bodies  does  it  act  with  peculiar  cnoigy  ? 
How  does  it  react  with  charcoal  and  essential  oils  I 
In  what  manner  is  chMde  of  nitrogen  best  procured  t 


by  water,  forming  an  acid  li 


Nitrous  acid  gas  supports  the 
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callrd  chloride  of  nitrogrpn  then  appears,  first  in  the  form  of  nn 
oily  lilm  on  the  surface  of  the  saline  solution,  which  collects  into 
yellowish  drops,  and  sinks  to  the  bottom  of  the  vessel.  This  is 
one  of  lh^^  most  powerful  explosive  compounds  with  which  we  are 
acquainttd  ;  and  it  is,  therefore,  too  dangerous  and  unmanacreable 
to  be  applied  to  any  useful  purpose,  and  experiments  made  ou  it 
require  the  utmost  care  and  eaation* 

249.  M.  Dolongf  who  diseoyeied  this  snbBtanoe  in  1819.  losi 
an  eye  and  tiie  use  of  a  finger  by  its  explosion ;  and  Sir  H.  Davy^ 
who  afterwards  made  experiments  on  it^  was  wonnded  in  the  faee 
It  explodes  with  extreme  violence  al  the  tempeiature  of  aboot 
200^  S  but  the  mere  contact  of  snlphur,  phosphoms,  oil«  and  soasA 
other  inflammable  bodies,  causes  its  detonation  at  common  tem- 
peratures. The  composition  of  chloride  of  nitrogen  has  bren  dif» 
ferently  estimated  by  dili'erent  w^riters.  It  consists,  according  to 
some,  of  14  Nitr. +  1^^  Cb. ;  while  others  state  it  to  be  14 
Nitr.  +  144  Cb. 

250.  With  iodine,  nitrogen  forms  a  compound  called  iodide  of 
nitrogen.  It  may  be  obtained  by  pouring  a  solution  of  ammonia 
upon  a  very  small  quantity  of  iodine.  U  Is  an  Insolnble  black 
powder,  highly  expfosiTe,  as  the  slightest  toaeh  wiU  sometimes 
cause  detonation.  When  left  exposed  te  the  air  it  gradually 
evaporates  ;  or  if  moist,  becomes  decomposed  into  nitrogen,  ana 
iodic  and  hvdriodic  acids ;  and  it  is  likewise  decomposM  by  hot 
water,  and  by  alkaline  solutions. 

251.  Ammonia. — Nitrogen  and  hydronrpn  may  be  mixed  to- 
gether in  any  proportions  without  combining;  but  indirectly 
thpy  may  be  united,  forminsf  the  gaseous  compound  called 
volatile  alkali  or  ammonia.  This  appears,  under  certain  circum- 
stances, to  be  formed  naturally,  being  found  in  Egypt  and  some 
other  countries  in  combination  with  muriatic  acid,  constitutinor 
the  saline  substance  known  in  the  shops  by  the  name  of  sal-am- 
moniac. From  this  salt  ammonia  is  most  readily  procured.  One 
part  of  muriate  of  ammonia,  (sal-ammoniac,)  and  two  parts  of  dried 
quicklime,  both  powdered,  must  be  introduced  into  a  small  glass 
retort;  and  upon  the  application  of  a  gentle  heat,  a  pungent  ^as 
will  be  CYolved,  which  is  ammonia.  It  may  be  collected  over 
mercury,  or  if  collected  over  water,  it  may  be  rapidly  absorbed  by 
that  fluid,  constituting  the  liquor  of  ammonia. 

252.  This  alkali  is  at  common  temperatures  a  permanently 
clastic  fluid  ;  but  it  has  been  reduced  to  the  liquid  state,  by  means 
of  cold  and  pressure,  by  Mr.  Faraday.  In  this  form  it  is  a  colour- 
less, transparent  liquid,  of  the  specilic  gravity  of  0.76 ;  and  its  re- 

What  \n  related  of  the  peculiar  action  of  this  tubstance  ? 
What  estimates  have  been  formed  of  its  compositiuu  ? 

What  name  is  given  to  the  compound  of  iodine  nnd  nitrogen? 
What  are  its  properties  ?    How  is  ammonia  produced  ? 
In  what  state  does  it  exist  at  common  temperatures  ? 
Hy  what  means  can  it  be  reduced  to  a  liquid  ? 
What  is  its  specific  gravity  in  this  state  ? 
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fractive  power  aaEceeds  that  of  water.  Ammoiiiaeal  gas  is  much 
ligrhter  than  atnuMipherie  air;  its  specific  ffravi^t  oomjiared  with 
that  of  hydrog-en,  being"  as  8.5  to  1.  It  has  a  very  acrid  odour, 
which  is  not  disagreeable  when  considerably  dihited  with  com- 
mon air.  It  cannot  be  respired  alone,  as  animals  instantly  die 
when  immersed  in  it;  and  burning  bodies  are  extinguished  by  it. 
The  gas  itself  is  somewhat  inflammable,  for  a  small  jet  of  it 
thrown  into  a  jar  of  oxygen  will  burn,  the  products  being  water 
and  hydrogen.  It  turns  vegetable  blues  to  green,  and  renders  yel- 
lows brown,  like  other  alkalies ;  bat  the  effeet  is  not  permaaenti 
£>r  as  the  gas  exhales,  the  origiaal  colours  letom. 

853.  Water,  at  the  temperatuie  of  50^  takes  ap  670  ticoes  its 
l^alk  of  ammoniaeal  gas;  becoming  increased  in  quantity,  and 
loweied  in  specific  gravity.  In  this  sta^e  the  liquor  of  ammonia 
is  tiommonly  used,  both  for  chemical  and  medical  purposes.  This 
liquid  absorbs  carbonic  acid  when  exposed  to  the  air,  and  should 
therefore  be  preserved  in  well-stopped  glass  bottles.  At  the  heat  of 
about  140%  ammonia  is  rapidly  evolved  from  it.  When  concen- 
trated, it  congeals  at  40^,  assuming  a  gelatiaous  appearance,  and 
losinar  its  odour. 

254.  When  ice  is  introduced  into  a  jar  of  ammoniaeal  gas,  it 
melts  quickly,  absorbing  the  gas,  and  forming  liquor  of  ammonia. 
I'his  gas  may  be  decomposed  into  its  constituent  parts,  by  passinff 
it  tlurough  a  red-hot  tobe;  and  the  decomposition  may  be  hastened 
by  filling  the  tube  with  coils  of  iron  wirs,  and  thus  presenting  to 
the  gas  a  larger  heated  surface.  The  products  may  be  received 
in  a  jar  inTsrted  over  water.  Dr.  Henry  ascertained  that  a  miz« 
ture  of  ammonia  and  oxygen  gas  might  be  inflamed  by  the  elec^ 
trie  spark. 

255.  Tlie  alkaline  gas  also,  alone,  may  be  decomposed,  by 
passing  through  it  a  succession  of  electrical  sparks :  by  this  pro- 
cess its  volume  becomes  increased,  and  a  cubic  inch  of  it  may  be 
augmented  to  double  that  bulk,  by  passing  two  or  three  hundred 
charges  of  electricity  through  it.  Ammonia  is  formed  during  the 
decomposition  of  many  animal  substances:  the  production  of  this 
gas  ^so  takes  place  in  consequence  of  the  Tiolent  action  of  nitrfl 
aeki  upon  phosphorus  and  some  of  the  metals,  and  it  is  formed  by 
eiposing  to  an  atmosphere  of  nitrogen,  moistened  iron  filings; 
and  in  certain  other  cases,  in  which  the  erases  composing  it  are 
gi?en  off  simultaneously,  under  peculiar  circumstances. 

Carbon^ 

856.  The  physical  properties  of  this  snbstance  in  its  usual  state 
of  aggregation,  as  procured  from  the  distillation  of  animal  and 

What  efiect  has  it  on  respiration! 

In  what  pro portiofMi  is  it  absorbed  hf  water? 

What  efiect  has  ammoniaeal  gns  upon  ice  ?  What  result*  from  thisaotioo? 

How  may  ammoniuvul  gOH  be  decompoMsd  I 

What  action  has  elt^ctricity  upon  it! 

By  what  nalaial  proceaies  may  ammoiiia  be  obtained  ? 
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vegeta])le  substances,  are  too  \vi  11  known  to  require  a  particular 
description.  This  body  may  be  obtaiiKnl  in  a  state  of  charcoal, 
for  experimental  purposes,  by  coverinjr  pieces  of  wood  with  sand 
in  a  large  crucible,  and  exposing  them  for  about  an  hour  to  a 
very  inteaae  heal*  The  ehareool  veed  in  varioos  arts  and  mana- 
iactares  is  commonly  prepared  on  an  extensive  scale,  by  the  im* 
perfect  eomlmstlon  of  wood,  boilt  up  in  large  piles,  and  covered 
with  turf;  or  else  by  the  distillation  of  wood  in  cast  iron  cyliiH 
ders.  Lampblack  is  also  chiefly  composed  of  chareoal,  eonsistin^ 
of  soott  collected  from  the  combustion  of  the  refuse  resin,  obtained 
in  makmjr  turpentine.  Ivory-black  is  another  carbonaceoas  sub- 
stance which  results  from  the  burning  of  bones  in  close  vessels. 
Coke  is  chicliy  composed  ot  charcoal,  arisincrfrom  the  distillation 
of  coal,  as  in  the  coal-gas  manufactories;  but  it  is  often  contami- 
nated with  sulphur  and  earthy  matter. 

257.  Carbon,  as  alrpa<ly  stated,  appears  to  exist  in  the  purest 
form  in  the  diamond.^  That  this  splendid  gem  was  an  inflammable 
substance,  Sir  Isaac  Newton  saffaciously  conjectared,  from  ob^ 
servioff  that  it  was  possessed  of  high  refractive  power ;  this  idea) 
derived  corifinnation  from  the  experiments  of  the  Florentine  aei^ 
demiciaos  in  1694  ;  and  it  has  been  verified  more  recently  by  the 
xesearches  of  Guy  ton  Morveau,  Smithson  Tennant,  Sir  H.  Davy, 
and  other  ]  liilosophers.  The  diamond,  in  its  natural  state,  is 
composed  of  octaedral  crystals.  It  is  brittle,  but  appears  to  be 
harder  than  any  other  substance ;  and  hence  the  powder  of  dia- 
mond is  used  for  cutting  and  polishing  the  hardest  gems,  and  the 
diamond  itself,  for  the  purposes  of  ornamental  jewellery] 

258.  Carbon,  as  commonly  procured  by  distilling  wood,  is  a 
good  conductor  of  electricity,  though  a  bad  conductor  of  heat.  It 
remains  unchanged  by  air  or  water  at  common  temperatures ;  but 

^  when  highly  heated,  readily  burns  in  oxygen  gas  or  common  air. 

'  It  has  toe  property  of  destroying  the  smell  and  taste  of  many 
animal  and  vegetable  substances ;  and  it  powerfully  resists  putre* 
faction,  so  that  tainted  meat,  if  covered  widi  newHiumt  ehareoal 
for  a  few  hours,  becomes  perfectly  sweet*  . 

259.  Tlie  colours  of  vegetable  substanees  are  also  greatly  affected 
by  chaiooal ;  and  hence  it  is  sometimes  added  to  port  wine  for 
the  purpose  of  giving  it  a  tawny  hue.  VinejEfar  boiled  with  it 
becomes  colourless;  and  it  is  largely  used  in  refining  sngrar,  in. 
procuring  transparent  crystals  of  citric  acid,  and  in  other  processes. 
Charcoal  obtained  by  the  distillation  of  animal  substances  is  found 
most  serviceable  for  these  purposes.    Fresiily-piepared  charcoal 

What  18  the  nroccss  for  procuring  charcoal? 
How  is  lampblack  obtained  ? 
What  ii  the  nature  of  teorv  black  f 

Whence  is  coke  procured  T 

In  what  state  is  carbon  found  in  tho  greatest  purity  ? 
From  what  observation  was  the  inflammability  of  the  diamond  conjec- 
tured f  What  are  its  chief  physical  properties  t 
What  are  the  chemical  uses  of  charcoal  ? 
What  kind  of  cfaarooal  is  employed  Ibr  thete  pnrpoM  ? 
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laigely  absoitw  various  (^m*  a  property  wbieh  appears  to  depead 
08  the  t^tare  of  the  charooal ;  and  the  diffmat  kiads  of  this 
aabatance  absorb,  in  wioaa  proportions,  aqaeoas  Tapouis  eon- 

tained  in  the  air. 

260rCarbon  unites  with  oxygen  to  form  three  or  more  com- # 

f ounds,  an  oxide  and  various  acids)^  The  former  of  these,  car- 
onic  oxide^  is  a  gaseous  body,  discovered  by  Dr.  Prinstley ;  and 
the  properties  of  which  were  afterwards  investigated  by  Mr. 
Cruikshank,  and  by  MM.  Clement  and  Desormes  in  Francey  It 
may  be  produced  from  the  decomposition  of  the  compounds  Con- 
taining carbonic  acid,  as  by  heating  in  an  iron  retort  a  mixture  of 
ohalk  (carbonate  of  lime)  and  charcoal,  or  of  equal  weights  of 
cbalk  and  filings  of  iroo  or  sino^  The  gas  resulting  from  either  of 
these  operations  maybe  collected  in  ajar  inverted  and  filled  with 
water;  and  it  must  be  purified  by  agitating  it  with  lime-water,  to 
absorb  any  carbonic  acid  which  may  be  mixed  with  it.  Carbonic 
oxide  gas  is  destitute  of  colour  and  taste ;  but  it  has  a  disa^eeable 
smell,  and  is  highly  injurions  to  animalsj  producing  giddiness 
and  fainting,  if  respired  when  mixed  with  atmospheric  air.  It  is 
rather  lighter  than  common  air,  100  cubic  inches  weighinnr  99.65 
^ains.  It  extingiiishes  flame,  but  burns  with  a  faint  blue  light 
when  combined  with  atmospheric  air.) 

261.  When  a  stream  of  this  gas  is  burnt  under  a  dry  bell-glass, 
in  common  air  or  oxygen  g^  no  deposition  of  moisture  takes 
place,  as  in  the  combustion  of  hydrugen  and  its  compounds. 
If  carbonic  <aide,  with  an  equal  yolume  of  hydrogen,  be  passed 
through  a  red-hot  porcelain  tube,  the  tnbe  will  become  lined  with 
carbon,  arising  from  the  decomposition  of  the  oxide,  and  water 
will  be  formed ;  showing  that  at  a  high  temperature,  oxygen  has 
a  ^ater  affinity  for  hydrogen  than  for  carbon.  (When  carbonic 
oxide,  mixed  with  half  its  volume  of  oxygen,  is  exposed  in  a  de- 
tonating tube  to  the  electric  spark,  an  explosion  will  take  place, 
and  a  quantity  of  carbonic  acid  will  be  formed,  equal  in  bulk  to 
the  carbonic  oxide.  Hence  it  appears  tiiat  carbonic  oxide  con- 
tains just  half  as  much  oxygen  as  carbonic  acid.   ,  % 

262.  Carbonic  cicfd,  or,  as  it  was  formerly  called,'  fixed  air,  is  a 
compound  gas,  formed  both  by  art  and  nature,  in  a  variety  of  pro- 
cesses. An  abundant  production  of  this  gas  takes  place  in  the 
mnbostion  of  animal  and  vegetable  sobstanoes  in  general;  hot 
the  most  interesting  example  of  the  formation  of  carbonic  acid 
oeevrs  when  the  diamond  is  intensely  heated  in  coomion  air  or 
ai^gen  gas*  This  extremely  dense  and  apparently  permanent 

In  how  many  proportions  is  carbon  capable  (tf  uniting  with  oqrgenf 

How  may  carbonic  oxide  be  procured  ? 
What  eifects  does  it  produce  when  respired  ? 
What  are  ita  chief  cnemicsrl  properties  ? 
What  effect  arises  from  heating  it  in  mixture  fvith  hydrogen  t 
Wlmt  product  results  from  exploding  a  volume  of  carbonic  oxide  with 
lifllf  a  volume  of  oxygen  ? 

What  namo  was  formerly  applied  to  carbonic  acid  ? 
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into  carbonic  acid ;  a  result  v^hich  plainly  demonstrates  it  to  cos* 
sist  of  wbon  alone.  The  combustion  of  the  diamond*  witif  m 
Tiew  to  ascertain  with  accuracy  the  products  of  the  operation, 
^  appears  to  have  been  first  nndrrlakcn  by'liavoisier  in  1772.)  la 
1797,  Mr.  Tennant  determined  from  experiment  that  equal  quan- 
tities of  carbonic  acid  were  obtained  wbcn  equal  weip^hts  of  dia- 
mond or  of  the  purest  charcoal  were  deflao^rated  with  red-hot  nitre; 
and  more  direct  experiments  were  subsequently  made^by  causiBg 
the  diamond  to  unaergo  combustion  in  oxygen  gas. 
^  263.  This  last  process  may  be  conveniently  executed  by  means 
/   of  the  apparatos  exhibited  in  tba  annexed  diagfam.   It  owialatn 


of  a  glass  globe,  containing  about  140  cubic  inches,  having  fitted 
to  its  neck  a  copper  cap,  with  a  large  apperture,  into  which  a  stop- 
eocic  is  eerewed,  and  mm-wliiGli  a  jet-pipe,  A,  rises  into  the  in- 
terior of  the  globe.  Jnst  above  this  jet,  two  wires*  CO,  terminate^ 
at  a  short  distance  apart,  one  of  them  bein^  attached  to  the  side 
of  the  Jet|  and  the  other  passing  throng^  an  insulating  glass  tabe, 

By  whom  was  carbonir  nric]  first  obtained  from  the  diamond  ? 
Jpeacribe  the  apparatus  in  which  the  combustion  of  the  diamond  may  bo 
eflfectsdl 
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to  the  outside  of  the  apparatus,  forming  the  rin^  D.  On  the  end 
of  the  jet  is  fixed  by  a  socket  a  small  capsule,  B,  made  of  platina 
foil,  and  pierced  with  holes  like  a  sieve.  It  is  placed  about  three- 
auarters  of  an  inch  from  the  extremity  of  the  jet,  and  the  arm 
that  supports  it  is  bent  so  that  the  stream  of  hydrogen,  used  to  set 
the  diamond  on  fire  shall  not  play  against  it.  The  lower  part  of 
the  Btop-cock  screws  on  a  small  pillar,  fixed  to  a  stand  ;  and  at 
the  side  is  a&  apertttre»  from  which  passes  a  tabe  with  another 
fftqheock,  b;^  which  a  bladder  filled  wiUi  hydrogen  gas  may  be 
cofmected  wi^  the  apparatus. 

264.  When  a  diamood  is  to  be  submitted  to  opmbnstio^  it  is 
to  be  placed  in  the  capsule  B,  and  the  globe  roust  be  removed 
from  the  pillar  and  placed  on  an  air-pump,  and  when  exhausted, 
refilled  with  oxygen  gas.  Tt  is  then  to  be  carefully  screwed  on 
the  pillar  again,  and  tl»e  bladder  of  hydrogen  gas  attached  to  the 
lateral  tube.  The  ring  D  must  then  be  connected  with  the  con- 
doctor  of  an  electrical  machine,  by  a  chain  or  wire,  and  a  con- 
tinued discharge  of  electric  sparks  beinor  made  to  pass  between 
the  wires  CC,  the  stop-cock  next  the  biiidder  must  be  opened, 
and  a  conrent  of  hydrogen  thrown  in^  which  inflaming,  heats  the 
omnle  aad  diamond  to  whito  heat,  mid  the  diamond  taking  fire, 
wul  barn  without  any  farther  supply  of  hydrogen.  One  or  more 
nnall  diaiAonds  may  thas  be  exposed  to  combastbn,  and  they 
wHl  continue  to  bom,  producing  a  strong  white  heat,  till  so  re- 
daeed  in  size  as  to  be  cooled  too  low  by  the  platina  capsule. 

265.  When  hydrogen  is  thus  employed  to  inflame  the  diamonds, 
a  little  water  will  be  formed  in  addition  to  the  products  of  the 
combustion  of  the  gem.  This  inconveiiienre  may  be  avoided  by 
using  the  flame  of  carbonic  oxide.  As,  however,  no  hydrogen  has 
been  found  to  exist  in  the  diamond,  it  is  better  to  use  that  gas  as 
the  heating  agent;  for  then  the  carbonic  acid  produced  by  the 
diamonds  will  be  unmixed  with  any  from  another  source,  and  it 
may  be  collected  and  its  quaiiiity  exactly  ascertained.* 

266.  ^Carbonic  acid,  when  wanted  for  the  purpose  of  experi- 
ment, may,  however,  be  most  readily  obtik$ned  by  decomposing 
the  combinations  of  this  acid  with  alkalies  or  earths*;  ThaschalE 
or  maTble,  (carbonate  of  lime,])  when  dropped  in  small  fragments 
into  dilated  sulphurie  or  muriatic  acid,  will  give  out  abandance 
of  this  ?a9.  Ymegar  or  almost  any  other  acid  may  be  used  in- 
stead of^ those  just  mentioned  ;  as  the  aflinity  of  carbonic  acid  for 
salifiable  bases  appears  to  be  weaker  than  that  of  most,  if  not  all 
other  acids.  (Carbonic  acid  gns  may  be  collected  over  water,  which, 
however,  absorbs  a  large  portion  of  it,  eyen  at  common  pressures 
and  temperatures. 

By  what  means  is  a  temperature  of  ignition  first  communicated  1o  the 
diamond  in  this  apparatus! 
How  is  carbonic  acid  procured  ibr  purposes  of  chemical  eiperimentf 


*  Journal  ofScieaee^  ed.  at  R.  t,  vol.  ix.  pp.  964, 26ft. 


Digitized  by 


2n7/^This  ^8  is  destitute  of  colour  or  smell ;  but,  like  other 
acids,  it^bas  a  sour  taste.)  It  is  much  heavier  than  common  air, 
and  is  uninflammable,  extinguishing  burning  bodies  which  are 
plunged  into  it.  Owing  to  its  great  specific  gravity,  it  may  be 
poured  from  one  vessel  to  another,  like  a  liquid;  and  will  re- 
main for  some  time  at  the  bottom  of  an  open  jar,  w  ithout  mix- 
ing  with  the  atmofipherto  air  above  it.  Heiiee  a  evrioua  effect 
may  be  prodoced,  by  pladoff  a  lighted  taper  at  the  bottom  of  % 
tall  glass  jar,  and  poanng  earbonic  aeid*into  it*  which  will  imme* 
diateiy  extinguish  the  taper,  Just  as  if  water  had  been  poured 
over  it.  It  is  highly  deleterious  to  animals,  and  eaaaot  be  breath- 
ed without  the  utmost  danger*  as  appears  from  numerous  instances 
which  have  occurred  of  persons  who  have  lost  their  lives  by 
being  shut  up  in  a  close  chamber  with  braziers  or  chafing-dishes 
of  burning  charcoal,  or  by  descending  into  vats  at  the  bottom  of 
which  this  gas  had  been  produced  from  the  fermentation  of  vinous 
liquors.  It  is  also  sometimes  found  in  the  lower  parts  of  wells 
or  mines,  where  it  occasions  fatal  accidents ;  and  it  is  called  by 
miners  the  choke-damp.  It  is  discharged  from  the  surface  of  the 
water  of  some  naturtJ  springs ;  freis  eaTeroa,  ami  narrow,  de^ 
▼alleys,  of  whi<^  phenomena  an  aoeount  will  he  fotmd  in  anotl^r 
part  of  this  Tolnme* 

268*.  As  water  readily  takes  up  this  gas,  so  it  may  he  made  by 
piessuie  to  absorb  a  large  quantify  of  it.  ^fhus  is  prepared  tha 
liquor  called  soda  water,  which  in  general  cbnsists  of  water  only, 
abundantly  impregnated  with  carbonic  acid,  by  pressure  and  agita- 
tion.   A  similar  fluid  is  formed  by  nature  in  the  bowels  of  the 

^earth,  constituting  peculiar  mineral  waters,  as  those  of  Spa, 
Seltzer,  and  Pyrmont;  though  these  waters  appear  also  to  con- 
tain small  quantities  of  saline  matter  as  well  as  carbonic  acid. , 

'  Water  impregnated  with  this  acid  reddens  paper  stained  with  a  blue 
colour  by  litmus ;  but  the  tint  thus  given  is  uot  permanent,  like 
that  oeeasioned  by  the  stronger  acids. 

269.  Carbonie  acid  has  been  redneed /rom  a  tflate  of  fpm  to 
that  «f  liquid  by  compression.  Mr.  FarMay  oStained  it  in  this 
fbrm  by  disengaging  it  iVom  carbonate  of  ammonia  by  means  of 
sulphurie  aoid*  in  a  glass  tube  hermetically  sealed,  one  end  of 
which  was  immersed  in  a  freezing  "mixtitfiB.  The  liquid  aoid^ 
was  colourless,  and  floated  upon  the  sulphuric  ^r'ld  and  water 
contained  in  the  tube.  It  distilled  rapidly  over,  at  a  temperature 
below  the  freezing-point  of  water.  The  pressure  under  which 
this  fluid  was  formed  was  estimated  to  be  equal  to  thirty-six 
atmospheres.  • 

What  are  the  lentibie  properties  of  this  gas  f 

In  what  manner  may  ilt  unfimess  to  support  combntlion  be  ill  nitrated? 
What  fatal  eflects  upon  animals  demonstrate  the  awne  chmcter  f 
How  is  carbonic  nrid  condensed  in  water? 
What  effect  has  water  thus  impregnated  on  vegetable  bluest 
At  what  tsnpefstnie  and  pressure  may  csrbomc  add  amume  the  liQoSdl 
Ibrmf  ^ 
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270.  \sCarbonic  acid  may  be  decomposed  by  tbe  action  of  the 
metal  potassium,  which  having  a  stronger  attraction  for  oxygen 
than  the  carbon  has,  when  it  is  heated  in  carbonic  acid  it  burns 
with  great  splendour;  charcoal  is  deposited,  and  an  oxide  of 

Sotassium  is  tormed^^  When  carbonic  acid,  obtained  by  buroing  a 
iamond,  is  thus  decompoeed,  the  caibon  produced  is  found  to  oe 
exactly  equal  in  weight  to  that  of  the  diamond  consumed.  Car- 
bonic acid  may  also  be  decomposed  by  hydrogen  and  other  bodies ; 
but  phosphorus  when  heated  in  this  gas  does  not  effect  its 
decomposition,  the  affinity  of  carbon  for  oxygen  being  apparently 
greater  than  that  of  phosphorus. 

271.  Besides  the  two  compounds  of  carbon  and  oxygen  which* 
have  been  just  noticed,  there  are  two  if  not  three  more  bodies  of  an 
acid  nature  which  also  appear  to  be  constituted  of  the  same 
elements,  but  in  different  pronoitions.  \These  are  the  oxalic,  the 
mellitio,  and  croconic  acids.7 

272.  v^ai/e  ocic^  is  a  production  of  nature,  being  contained  ia 
the  state  of  a  salt,  combined  with  potash,  in  wood-sorreK  {OxaKa 

.  aeetoKlla,)  common  sorieU  (Bumex  aeeiosa^)  and  in  several  species 
of  lichens.  It  may  likewise  be  procured  artilicially,  by  the  action 
of  nitric  acid  on  sugar,  fiergiliannt  ascertained  it  to  he  a  peculiar 
kind  of  aoidf  and  it  was  long  supposed  to  be,  like  most  of  those 
derived  from  vegetables,  a  compound  of  carbon  and  hydrogen 
with  oxogcn  ;  but  Dubereiner  conjectured  it  to  consist  of  carbon 
and  oxygen  only,  as  is  now  generally  admitted.  When  obtained 
from  the  oxyp^enation  of  sugar,  or  from  the  decomposition  of  any 
of  its  salts,  it  forms  tetraedral  prismatic  crystals,  resembling  in 
their  general  appearance,  sulphate  of  magnesia,  (Epsom  salt;) 
and  as  it  is  a  powerful  poison,  jnany  fatal  accidents  have  been 
occasioned  by  its  being  mistaken  for  that  sa]t.(^In  the  crystalline 
State,  the  oxalic  is  a  hydrated  acid,  containing  a  definite  portion 
of  water,  whi(;h  cannot  be  separated  from  it,  without  causing  its 
decomposition/) 

(  ^  273.  MeWtic  acid  is  of  mineral  origin,  being  found  in  coinbina* 
tion  with  alumine  in  the  mellite  or  honeynBtone. 

274.  Croconic  acid,  which  was  discovered  a  few  years  ago  by 

M.  Omelin,  is  an  artificial  product,  the  nature  of  which  has  not 
been  properly  ascertained ;  hut  it  appears  to  be  a  compound 
analogous  with  the  two  preceding  acids  ;  but  diifering  from  them 
in  the  relative  proportions  of  its  constituents. 

275.  The  following  are  the  respective  quantities  of  carbon  and 
oxygen  in  the  several  compounds  of  those  bodies,  according  to 
M  itscherlich : 

By  what  reagent  may  it  be  decomposed  1 

Whftt  other  acid  compounds  of  carbon  and  oxygrcn  exist? 

What  is  the  natural  source  from  which  oxalic  acid  is  obtained? 

What  is  its  cr]rstalline  form  ? 

What  peculiar  property  does  it  possess  ? 

For  what  lalt  has  it  been  often  mistakea? 
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Carbonic  acid  =100  Carbon  +  265.23  Oxygen, 
Oxalic  acid  =  100  Carbon  -j-  1!>8.92  Oxy^ren. 
Carbonic  oxide  =  100  Carbon  -j-  \'A'2AAC)  Oxygen. 
Mellitic  acid     =  100  Carbon  +  'J^.  16  Oxygen.* 

276. IVVith  chlorine  carbon  unites  in  three  proportions.)  The 
Frotochloride  of  curboti  may  be  obtained  by  passing  the  vapour  of 
the  perch loride  through  a  red-hot  tube  containing  fragments  of 
rock  crystal,  to  increase  the  heated  surface,  and  thus  a  portion  of 
chlorine  is  driven  oil,  mid  the  protouhlf^ride  is  formed.  /  It  is  a 
limpid,  colourless  liquid,  which  does  not  become  congealed  at 
.aero  of  Fahrenheit,  and  is  Yolatilized  at  about  165^*  Its  specific  gra* 
vity  is  1«55.  Il  is  insoluble  in  water,  but  ituxes  readily  wilk 
alcohol*  ether»  and  oils.  It  dissolves  chlorlney  iodine,  sulphur,  and 
phosphoras.  It  is  not  combustible  unless  held  in  the  flame  of  a 
lamp,  to  which  it  communicates  a  yellow  tinge,  and  gives  off 
much  ^moke,  mixed  with  fumes  of  muriatic  acid. 

277,  Ferchloride  of  carbon  may  be  formed  by  expoeinjp  car- 
buretted  hydrogen  gas,  mixed  with  a  great  excess  of  chlorine,  to 
the  action  of  light.  The  perchloride  thus  obtained,  is  a  transpa- 
rent, colourless,  crystalline  substance,  having  no  taste,  but  an 
odour  resf  inbliug  that  of  camphor.  Its  specific  gravity  is  about  2; 
it  is  a  non-conductor  of  electricity,  and  powerfully  refracts  light. 
It  is  volatile  at  low  temperatures,  dissolves  at  320^,  and  boils  at 
350^  Fahrenheit,  and  it  mav  be  distilled  without  becoming  decom- 
posed, its  vapour  again  condensing  into  crystals  as  it  eools^  Itis  not 
leadily  combustible,  but  bums  with  a  red  flame,  when  JMKn  the 
flame  of  a  spirit-Ianip,  becoming  decomposed,  and  forming  char- 
coal (which  flies  on  in  smoke)  and  muriatic  acid.  It  does  not 
dissolve  in  water,  but  readily  in  alcohol  and  ether,  and  also  in 
volatile  and  fixed  oils.  Potassium  burns  brilliantly  in  its  vapoot^ 
chloride  of  potassium  being  formed,  and  carbon  deposited. 

278.  There  is  a  third  compound  called  the  suhcldoride  of  car^ 
hon^  which  was  discovered  to  have  been  accidentally  formed,  in 
very  small  quantities,  in  a  manufactory  of  nitric  acid,  from  nitre 
and  oil  of  vitriol,  in  Sweden.  It  is  a  solid  crystalline  body,  vo- 
latilizing by  heat,  without  decomposition.  It  has  a  peculiar  smell, 
but  in  most  of  its  properties  resembles  the  perchloride,  containing 
however,  apparently,  a  smaller  quantity  of  chlorine  than  even  the 
protochloride..  %tM 

What  arc  the  proportions  in  the  four  compounds  of  otygen  and  i^rarbon, 

according  to  Mitsclierlich? 

Huw  many  compounds  may  carbon  form  wiUi  cidorine  ? 
What  are  the  properties  of  the  flntof  them? 

How  is  the  perchlonde  of  carbon  obtained  and  what  are  its  properties? 

Wli'it  name  is  given  to  the  compound  of  iodine  and  carbon? 
In  what  manner  is  that  compound  produced  ? 
What  course.of  leaetionB  takes  place  in  this  process  ? 


*  Introd.  to  Chenistiy,  vol  i.  p.  413. 
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279.  Iodide  of  carbon  may  be  obtained  by  mixing  a  saturated 
solution  of  iodine  in  alcohol,  with  a  strong  alcoholic  solution  of 
potasby  when  pari  of  the  iodide  vOl  unite  With  the  pota88iitai» 
and  the  oxygen  thoe  disengaged  will  combioe  with  the  hydrogen 
of  tite  alcohol)  to  form  water;  while  another  part  of  the  iodine 
eoinbines  with  the  carbon  of  the  alcohol,  v  Iodide  of  eaiboa  is  a 
lemon-coloured  solid,  forming  bright  erystalsy  having  a  sweetbh 
taste,  and  an  odour  like  sa^ron.^  Its  specific  gravity  is  nearly 
2.  It  does  not  dissolve  in  water,  but  readily  in  alcohol,  and 
still  more  so  in  ether.  It  also  dissolves  in  oils,  and  when  its 
solution  in  oil  of  lemon  is  exposed  to  light,  the  iodine  becomes 
decomposed,  and  carbon  and  iodine  are  deposited.  The  strong* 
acids  do  not  act  on  it,  nor  the  aqueous  solution  of  chlorine,  but 
chlorine  gas  decomposes  it.  It  evaporates  at  low  temperatures, 
and  dissolves  at  about  248^,  soon  becomiitg  decomposed,  and 
giving  oat  vaponrs  of  iodine,  and  a  bright  eharcoal*  When  this 
solid  iodide  b  mixed  and  distilled  with  perohloride  of  mercury, 
a  liquid  is  procured,  which  is  likewise  an  iodide  of  caihon,  which 
appears  to  consist  of  one  proportion  of  iodine,  and  one  of  carbon; 
while  the  solid  compound  contains  three  proportions  of  iodine, 
and  two  of  carbon,  the  latter,  therefore,  is  a  sesqui^iodidey  and 
the  liquid  an  iodide,  or  rather  a  protiodide  of  carbon. 

280.  Carbon  unites  with  hydrogen  in  several  proportions, 
forming  a  variety  of  compounds.  Suhcarhuret  of  nydrns;en  is 
formed  at  the  bottom  of  pools  of  stagnant  water,  containing  ve- 
getable matter  in  a  state  of  decomposition.  .  It  is  a  gaseous  body, 
and  may  be  collected  in  an  inverted  bottle,  with  a  funnel  adapted 
to  it,  and  the  gas  thus  obtained  must  be  purified  by  passing  it 
through  lime-water,  or  a  solution  of  potash.  It  is  then  coloorUBSS 
and  transparent,  haring  hot  little  smdl,  and  being  soloble  only  in 
a  minute  proportion  in  water.  It  is  inflammable,  burning  with  a 
yellow  flame,  and  giring  ont  much  more  light  than  hydrogen. 
If  mixed  in  certain  proportions  with  atmospheric  air  or  oxygsn 
ga«t,  a  violent  explosion  takes  place  on  the  introduction  of  flame* 
The  spontaneous  production  of  this  gas  frequently  takes  place  in 
coal*mines,  formmg  what  the  miners  call  fire-damp,  which 
from  its  tendency  to  explode,  when  mixed  with  common  air,  has 
been  the  cause  of  niuiierous  dreadful  disasters. 

281.  As  the  mixture  of  these  gases  is  exploded  only  when  it 
comes  in  contact  with  flame,  various  methods  have  been  adopted  to 
furnish  the  labourers,  who  work  in  coal-mines,  with  light,  without 
ineufring  the  risk  of  explosion.  With  this  Tiew  was  invented  a 
kind  of  mill,  for  prodncing  continuous  circles  of  sparks,  by  the 

What  are  the  properties  of  iodide  of  carbon  T 

What  U  the  compoeition  of  the  solid  and  what  of  the  liquid  iodida  of 
carbon  ?   What  chemical  denominatioa  properly  applies  to  each  ? 
How  M  miboftrbtiret  of  hydro|;mi  formed  f 
Enumerate  its  properties. 

Under  what  circumstances  will  subcarburot  of  hydrogen  and  common 
air  admit  of  an  oipkisioa. 
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actioB  of  flint  on  steel,  bat  the  Hgbt  thai  given  out  is  too  Incon- 
siderable to  be  of  much  service;  and  hence  different  kinds  of 
safety-lamps  have  been  contrived,  the  most  efficient,  hein^  that 
of  8ir  H.  Davy,  the  principle  of  which  was  explained  in  the 
former  volume  of  this  work.* 

282.  The  accoinj)anying  figure  represents  the  lamp 
as  recommemled  tur  general  use  by  its  inventor, 
and  is  taken  from  his  treatise  on  that  subject, 
a  is  a  cylinder  of  wire  gauze  with  a  double  top, 
seeurelv  and  oaielully  fastened  by  donbiing  over 
to  Uie  brass  rim  6,  which  sersws  on  the  laa^  e. 
The  whole  is  protected  and  rendered  coDTenisnt 
for  carrying  by  the  frame  and  ring  d.  The  small 
coil  of  platina  wire,  p,  hung  within  the  wire  gauie 
cylinder  being  heated  by  the  flame  of  the  Tamp, 
will  continue  to  glow  even  when  the  flame  quits 
the  wick  of  the  lamp,  on  being  introduced  iuto 
an  atmosphere  of  fire  damp,  thus  affording  a  feeble 
light  to  the  miner  who  would  otherwise  in  such 
cases  be  left  in  total  darkness.  When  made  of  plain 
wire  gauze  the  wire  should  be  not  less  than  one- 
sixtieth  of  an  inch  in  thickness,  and  the  number  to 
the  inch,  each  way  about  38  or  30. 
S83*  Carhurei  of  hydrogen  may  be  procured  by  heating  gently, 
over  a  lamp,  in  a  retort,  four  parts  of  sulphnrie  acid,  and  one  of 
aloohol«\  in  this  operation  die  mixture  becomes  black,  and  an 
'abuttdant'disengagement  of  gas  td^es  place,  which  may  be  colleeted 
over  water,  and  purified  by  agitating  it  with  lime-water,  or 
solution  of  potash.  This  gas  is  colourless,  and  when  pure  has  bttt 
little  smell.  It  is  inflammable,  burning  with  a  dense  white  flame, 
which  gives  much  light.  Water  absorbs  about  i  of  its  bulk  of 
this  gas,  and  it  is  also  absorbed  by  sulphuric  acid,  without  under- 
going decomposition.  If,  however,  these  bodies  be  placed  in  con- 
tact fur  several  days,  one  volume  of  sulphuric  acid  will  absorb 
between  eighty  and  ninety  of  the  gas,  formmg  a  peculiar  compound. 

284.  When  sulphur  is  heated  in  a  given  quantity  of  this  gas, 
carbon  is  separated,  and  twice  its  bulk  of  sulphuretted  hydrogen 
formed.  As  hydrogen  undergoes  no  change  of  Tolnme  in  eora- 
binin|f  with  sulphur,  it  appears  that  earburetted  hydrogen  must 
con  tarn  two  Tolnmes  of  hydrogen  condensed  into  the  space  of  oner 
hence  this  gas  requires  for  its  complete  combustion  three  volnmes 
of  oxygen,  and  the  product  will  be  water  and  two  ▼olumen  of 
carbonic  acid.  This  gas  may  also  be  decomposed  by  passing  it^ 
and  repassing  it  through  a  red-hot  tube  of  iron  or  earthen«waie» 

Eiplain  the  construction  of  Davy's,  safety  lamp  to  prevent  that  effect  ? 
How  is  carburet  of  hydrosen  obtained  ?  , 
What  arc  the  sensible  ana  cheraicfil  properties  of  this  gasf 
How  is  it  decomposed  by  sulphur  i  How  by  heat  I 

*  See  Scientific  Class  Book,  pt  I  Pyronomict,  No.  144  and  145  p.  3SS. 
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when  the  carbon  it  contains  is  deposited,  and  its  hydrogen  be- 
comes expanded  to  double  the  original  bulk* 

985.  (This  gas  when  first  discoveied*  in  1796,  was  tenned  de- 
fiant gas,  irbm  its  property  of  fonning  a  snbstanee  like  oil  when 

added  to  chlorine. j  If  equal  quantities  of  carburet  of  hydrogen 
and  chlorine  be  mixed  together,  a  diminution  of  balk  takes  place, 
and  a  substance  is  prodneed,  having  the  appeaiance  of  oil,  but 
resembling  ether  in  its  general  properties.  It  is  a  liquid  which 
boils  at  152°  Fahrenheit,  and  its  specific  gravity  at  45°  is  1.22. 
l  it  consists  of  equal  volumes  of  chlorine  and  carburet  of  hydrogen» 
and  it  has  been  termed  hydrockloride  of  carbon,^ 

Olefiant  gas  also  combines  with  iodine  and  bromine,  to  form 
definite  compounds. 

28G.  In  addition  to  the  gaseous  carburet  and  subcarburet  of 
hydrogen,  Dr*  Dalton  and  some  other  writers,  mention  a  third 
eomponnd  of  carbon  and  hydrogen,  csuled  snper-olefiant  gas,  as  it 
leqaireBy  for  its  complete  combustion,  a  larger  proportion  of 
oxygen  than  the  olefiant  gas.  But  it  seems  nncertain  whether 
&is  elastic  fluid  is  a  definite  chemical  compoundf  or  merely 
mixture  of  the  preceding  inflammable  gases.  There  are,  however, 
several  other  combinations  of  carbon  and  hydrogen,  which  are, 
under  common  temperatures  and  pressures,  liquids  or  solids. 
Among  the  former  may  be  mentioned  two  liquids  obtained  by 
Mr,  Faraday,  from  the  fluid  matter  which  occurs  in  the  distillation 
of  whale-oil,  for  the  production  of  oil-gas,  one  of  which  is  the 
lightest  of  all  known  bodies,  except  gases,  its  specific  gravity 
being  0.G02;  naphtha,  a  volatile,  inflammable  liquid,  obtained 
during  the  distillation  of  coal-tar,  and  also  occuring  in  some  j^arts 
of  the  world,  in  springs,  more  or  less  mixed  witE  water;  oil  of 
wine,  formed  during  the  preparation  of  suljihnrie  ether ;  rectified  oil 
of  turpentine,  which  appears  to  be  very  similar  in  its  constitotion 
to  naphtha ;  oil  of  lemon,  and  probably  other  essential  oils. 

287.  The  solid  compounds  of  carbon  and  hydrogen  include 
naphthaline,  a  crystalline  body,  which  occurs  in  the  distillation 
of  roal-tar ;  paraffin,  another  crystallizable  substance,  found 
among  the  products  of  the  destructive  distillation  of  wood ;  a 
kind  of  scaly  crystals  held  in  solution  by  oi!  of  roses,  from  which 
they  may  ba  separated  by  exposure  to  a  low  temperature,  and  the 
crystals  may  be  freed  from  the  adhering  oil  by  pressure  between 
leaves  of  blottine-paper,  kept  very  cool;  and  caoutchouc,  or  the 
substance  called  Indian  rubber,' 

S88«  There  is  a  circumstance  highly  deserving  of  attention 
with  regard  to  the  compoonds  of  carlM>n  and  hydrogen  which  mi^ 
here  be  nodeed.  So  mr  as  we  are  aeqnainted  with  the  atomic 

What  namo  was  at  first  criven  to  it  ? 

How  is  the  hydro- chloride  of  carbon  obtained  ? 

Ill  what  state  does  it  exist? 

What  are  its  composition  and  character? 

What  other  liquid  compounds  of  hydrogen  and  carbon  are  enumerated? 
What  Bolid  compounds  of  the  aome  ingredionti  are  known  to  chemists? 
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constitntton  of  these  bodies,  they  appear  to  he  Rusreptible  of  ar- 
rangement in  classes  or  sections,  each  division  consisting  of  a 
given  number  of  carburets  of  hydrogen,  agreeing  with  each  other 
in  the  relative  proportions  of  their  constituents,  but  differing  more 
or  less  in  their  properties  and  modes  of  action.  As  examples  of 
the  compounds  in  question,  may  be  specified  defiant  gas,  paraffin, 
Faraday's  volatile  liauid  carbo-hydrogen,  and  oil  of  wine,  in  aU 
wlueh  eaibon  and  hyarogen  exist  in  eqaal  proportioiis ;  and  oQ  of 
lemon,  oil  of  taTpentine*  and  a  liquid  called  camphogene,  or  the 
basik  of  camphor,  in  which  the  qoantity  of  caibon  la  tolliat  of  hjr- 
drogen  as  5  to  4.  Otlier  instances  of  a  oonesponding  nature  will 
be  noticed  in  tiaating  of  phosphorus* 

S89.  Carbon  unites  with  nitrogen  to  form  a  xenarkable  coni^ 
pound  called  rt/nrto^rcn^  or  the  basis  of  prussic  or  hydrocyanic 
acid,  which,  by  its  comlnnation  with  oxide  of  iron  produces  Prus- 
sian bine.)  It  is  properly  a  bicarburet  of  nitrogen,  and  in  order  to 
obtain  it,  (i  is  necessary  first  to  form  the  salt,  formerly  called  prus- 
siate  of  mercury,  but  now  cyanuret  of  mercury)  This  is  composed 
by  boil  in red  oxide  of  mercury,  with  twice  its  weight  of  Prussian 
blue,  in  a  suillcient  Quantity  of  water,  when  those  bodies  will  unite 
to  form  a  crystadHzable  compound.  The  cyanuret  of  mercury,  thus 
obtained,  afte?  having  been  carefully  dried,  at  a  tempentnre  below 
S19^  Fahrenheit,  must  be  heated  in  a  small  glass  tube,  wken  U 
•becomes  black,  and  liquefies,  and  is  at  length  decomposed.  Tlie 
mercury  becoming  condensed  in  the  cold  part  of  the  tube,  and  a 
gas  being  at  he  same  time  evolved,  which  must  be  eollected  over 
9  mercury.  This  is  cyanogen,  which  at  the  usual  temperature  and 
pressure  of  the  atmosphere,  is  a  permanently  elastic  fluid,  though, 
as  elsewhere  stated,  it  has  been  condensed  to  the  liquid  state 
by  Mr.  Faraday. 

•290.  It  has  a  peculiar  pungent  odour,  resembling  that  of  bitter 
almonds,  and  it  is  destitute  of  colour.  It  is  inflammable,  burning 
in  contact  with  air,  with  a  fine  purple  Hame ;  but  any  burning  body, 
as  a  lighted  match,  plunged  into  it  becomes  extinguished.  It  dis* 
solves  in  water,  and  more  largely  in  alcohol.  The  aqueoos  sola* 
tion  reddens  vegetable  blues,  and  aceording  to  Vauquelin,  it  be^ 
comes  spontaneouslv  decomposed,  and  converted  into  carbonic 
and  hydrocyanic  acids,  ammonia,  a  peculiar  add  called  the  eyanie, 
and  a  brown  substance  containing  carbon;  the  ammonia  combinea 
with  the  acids,  and  the  carbonaceous  compound  is  deposited. 
These  phenomena  are  owin<T  to  the  reaction  of  the  elements  of 
cyanogen  upon  those  of  water.  When  cyanogen  is  mixed  with 
oxygen,  it  may  be  exploded  by  the  electric  spark.  If  one  volume 
of  this  gas  and  two  of  oxygen  be  detonated  over  mercury,  the 

What  ramaikslile  cifcnmstanee  dlstinguishet  the  vsrimifl  eoin|jiouids  of 
earbon  and  bydrosen  t 

What  compound  results  from  the  union  of  carbon  and  nitrogen  t 
What  is  the  true  nature  of  cyanogen  ? 
liow  IB  it  obtained  ? 
MThat  era  its  propenies  t 
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product  will  consist  of  two  volumes  of  carbonic  acid,  and  one 
of  nitrogen. 

291.  Cyanog'en,  thouorh  a  compound,  enters  into  combination 
with  elementary  bodies,  in  a  manner  very  similar  to  the  mode  of 
action  of  oxygen  and  chlorine.  '/Xhas,  like  oxy&ren,  it  combioet 
wiA  serml  of  the  metals,  consulting  componnds,  whieh  miglit 
be  tenned  c^fanides,  though  they  are  generally  called  eyannretSy 
and  as  chlorine  forms  with  hydrocren  muriatic  acid,  so  cyanogen 
combined  with  hydrogen  forms  hydroct^anic  ox prusaic  add. 

The  chemical  properties  of  this  acid  may  here  be  described. 
It  may  be  obtained  by  heating",  in  a  tubulated  glass  retort,  three 
parts  of  cyanuret  of  mercury,  with  two  parts  by  weight  of  concen- 
trated muriatic  acid.  A  vapour  rises,  consisting  of  water  and  the 
muriatic  and  prussic  acids,  the  former  of  which  may  be  separated 
by  passing  the  vapour  throuirh  a  narrow  tube,  containintr  frag- 
ments of  marble.  It  must  ihen  be  passed  over  dry  chloride  of 
calcium,  and  condensed  in  a  vessel  surrounded  by  ice« 

993.  The  prussic  acid  thus  obtained,  is  a  limpid  ilnid  with  a 
strong  smell,  like  tl|^t  of  laurel  water  or  bitter  almonds,  and  an 
acrid  taste.  It  is  extremely  deleterious,  proving  destructive  to 
animal  life,  in  a  small  quantity,  when  either  swallowed  or  inhaled, 
and  therefore  the  utmost  care  should  be  taken  in  preparing  it  to 
avoid  breathing  the  vapour,  which,  when  much  diluted  with  atmo- 
spheric air,  will  cause  griddiness  and  headache.  This  acid 
volatilizes  so  rapidly,  as  to  freeze  in  consequence  of  the  cold  pro- 
duced by  its  evaporation.  Its  specific  gravity  compared  with  hy- 
drogen is  13.5,  100  cubic  inches  weighing  28.593  grains.  It  con- 
sists of  one  volume  of  cyanogen,  and  one  of  hydrogen.  This  acid 
slightly  reddens  litmus  paper,  and  it  combines  with  alkalies  and 
other  bases  to  form  salts ;  ont  its  affinities  are  so  feeble,  that  theae 
compounds  avs  decomposed  even  by  carbonic  acid*  It  dissolves 
in  any  proportion  in  water  and  alcohol ;  and  it  is  occasionally 
need  as  a  powerful  medicine,  and  therefore  in  small  doses,  clueity 
as  a  sedative,  in  cases  of  phthisis  pulmonalis. 

"  -y^—  Baron. 

S94.  This  substance  is  usally  obtained  by  heating  together,  in 
a  copper  or  iron  tube,  one  part  of  boraeic  acid^  formerly  called  tbe 
sedative  salt  of  Homberg,  previously  melted  and  powdered,  and 
two  parts  of  potassium ;  when  the  temperature  being  rais(»d  till  the 
tube  becomes  red,  the  metal  attracts  the  oxygen  from  the  acid, 
and  the  boron  may  thus  be  procured,  in  the  form  of  a  brown  pow- 
'  der,  having  neither  taste  nc^  smell,  and  insoluble  in  water,  alcohol* 

Wliat  results  from  the  detonation  of  cyanogen  and  oxygen  ? 
What  analogy  exiRti?  between  cyanogen  and  oiygen  or  chlorine  t 
Give  examplcH  of  ihis  analogy. 

What  name  is  given  to  its  compound  with  hydrogen  ? 

MHiat  are  the  properties  of  hydrocyanic  aeidt 

What  is  its  composition  ?  •  • 

How  is  hoion  procured  ? 
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ether,  or  oil,  even  when  heated.  It  is  permanent  in  the  air  at  com- 
mon temperatures,  and  is  infusible.  It  is  a  non-conductor  of 
electricity ;  and  its  specific  gravity  is  more  than  twice  thai  of 
water.  It  does  not  decompose  water  when  heated  to  176°  of 
Fahrenheit.  '  At  low  temperatures,  boron  remains  unchanged  in 
atmospheric  air  or  oxygen ;  but  at  a  temperature  of  600"^  of  Fahren- 
heit it  burns  with  brilliancy,  becoming  united  with  oxygen,  and 
forming  boracic  acid, 

295.  By  means  of  an  apparatus  represented  by  the  annexed  en 
graving,  Dr.  Hare  has  succeeded  in  evolving  boron  by  the  reaction 
of  potassium  with  vitrified  boracic  acid,  m  vacuo,  without  en- 
countering the  evil  of  any  explosive  action,  to  which  the  process, 
as  heretotore  conducted  in  pleno,  has  been  found  liable. 


"  A  circular  brass  plate,  is  prepared,  like  the  plate  of  an  air  pump, 
so  as  to  produce,  with  any  suitable  receivers  properly  ground,  an 
air-tight  juncture.  It  is  supported  on  the  upper  end  of  a  hollow 
brass  cylinder,  B,  with  the  bore  of  which  it  has  a  corresponding 

What  are  its  properties  ?  At  what  temperature  is  its  combustion  effected? 
What  is  the  xesuit  of  that  process  i 
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aperture.  The  brass  cylinder  is  about  three  inches  in  diameter, 
and  six  inches  in  heitrlit,  being  inserted  at  its  lower  end  into  a 
block  of  wood  as  a  basis.  This  cylinder  receives  below,  a  screw, 
wliich  supports  a  copper  tube,  C,  of  about  two  inelmin  diameter^ 
80  M  to  hare  its  axis  eoncentcie  witk  that  of  the  effindeu  and  to 
ezlead  about  foor  inches  above  the  plate.  The  copper  tube,  thus 
supported,  is  closed  at  the  upper  termination  by  a  cup  of  copper, 
of  a  shape  nearly  hemispherical,  and  soldered  at  tlie  upper  edge, 
to  the  edge  of  the  tube  ;  so  that  the  whole  of  the  cavity  of  the 
cup,  is  within  that  of  the  tube.  Hence  the  bottom  of  the  cup  is 
accessible  to  any  body,  not  larger  than  the  bore  of  ihe  tube,  with- 
out any  coiumunication  arising  between  the  cavity  of  the  tube,  and 
that  of  any  receiver  placed  upou  the  plate,  over  the  cup  and  tube, 
as  in  the  hgure. 

**  Into  the  side  of  the  cylinder  supporting  the  plate,  a  valve  cock 
is  screwed,  by  means  of  which,  and  a  flexible  leaden  tube,  a  com- 
munieation  with  ao  air  pump  is  opened,  or  discontinued,  at  pleasure* 
The  cup  l>eing  first  covered  with  a  portion  of  tfie  vitrified  boraeic 
acid,  as  anhydrous  as  possible,  and  finely  pulverized,  the  potas- 
sium is  inlrodaced,  and  afterwards  covered  with  a  furtber  portion 
of  tlie  same  acid,  two  parts  of  tlie  potassium  being  used  for  one  of 
the  acid.  A  large  glass  receiver  is  now  to  be  placed  on  the  plate, 
secured  by  rods  A,  A,  concentric  with  the  tube  and  cup ;  from  the 
heat  of  which  the  glass  is  to  be  protected  by  a  bright  cylinder  of 
sheet  brass,  placed  around  it  so  as  to  be  conceatrical  with  the 
receiver  and  tube. 

296.  "The  apparatus  bein^  so  prepared,  and  the  receiver  exhausted 
of  air  by  means  of  the  air  pump,  an  incandescent  iroii  is  introduced 
through  the  hereof  the  tube,  so  as  to  touch  the  bottom  of  the  cop- 
per cup*  In  a  short  time  a  reaction  comoieuees,  which  aidinff  the 
mflaence  of  the  hot  iron,  renders  the  cap  and  its  contents  re£hot. 
A  deep  red  fiame  appears  tluroughout  the  mass,  afitcr  which  the 
reaction  lessons,  anu  the  heat  declines. 

When  the  cup  has  become  cold,  the  air  is  admitted  into  the  re- 
ceiver, and  the  contents  are  washed  with  water.  If  any  of  the 
acid  has  escaped  decomposition,  it  may  be  removed  by  boiling  the 
mass  with  a  solution  of  potash  or  soda.  After  this  treatment  and 
due  desiccation  a  powder  will  remain,  having  the  characteristic 
colour  and  properties  of  boron." 

297.  Boraeic  acid,  which  is  used  in  medicine,  is  generally  ob- 
tained from  the  decomposition  of  borax  by  sulphuric  acid.  It  may 
be  crvstalliaed  in  the  form  of  small  shining  plates  or  scales,  in 
which  state  it  is  combined  with  water,  ennstitoting  a  hydrate; 
but  by  exposure  to  a  strong  red  heat,  it  melts  into  a  hard  trans- 

Farent  glass ;  and  at  a  white  heat  it  becomes  slowly  sublimed, 
n  the  state  of  hydrate  its  specific  gravity  is  1.48,  and  in  that  of 
glass  about  1.8.   It  dissolves  sparingly  in  water,  and  tiie  solution 

Describe  Dr.  Hare's  raefhod  of  obtaining  boron. 

What  changes  iii:ijr  buracic  acttl  be  made  to  undergo  by  heat  f 
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?eddeu  tegelable  btaBt,  like  etiier  aeidt;  but  when  applied  to 
paper  welted  with  lofbeion  of  turmeiiCf  it  acts  like  an  alkalif  tiag" 

log  it  brown.  The  solution  of  boracic  acid  in  alcohol  burna  wi3i 
a  green  flame*  This  acid  is  found  naturallj  in  the  hot  aprings  of 
SaaeOt  ia  Toacany,  and  also  in  the  Lipari  Islands ;  and  it  like- 
wif^e  oociira  combined  with  magnem  in  the  mineral  called 

boracite. 

298.  Boron  may  he  made  lo  combine  with  chlorine,  by  passing" 
that  gas  over  cliarcoal  and  boracic  acid  in  a  state  of  incandescence. 
The  chloride  of  boron  thus  formed,  is  a  ^as,  which  may  be  collected 
over  mercury.  It  is  colourless,  heavier  than  air,  and  emits  fumes 
when  exposed  to  air ;  but  does  not  undergo  decomposition  when 
'Strongly  healed. 

899.  A  ffaaeonaacid  called  the  hofoflaone  oetid^  waa  obtained  by 
the  Frencn  chemiats,  Gay  Lnaaae  and  Thenard»  b^  heating 
together  Titrified  boraeic  aeid  and  fluor  spar  (fluoride  oi  calcinm.  j 
la  this  process  the  oxygen  of  the  boracic  acid  appears  to  enter  into 
union  with  the  calcium  of  the  spar,  forming  oxide  of  calcium,  and 
tho  fluorine  being  thus  sot  free,  unites  with  the  boron  to  form  the 
acid  gas.  It  is  colourless,  hut  has  a  powerful  smell,  like  muriatic 
acid  ;  is  highly  deleterious  when  respired,  and  extinguishes  flame. 
It  has  an  acid  taste,  and  strongly  reddens  vegetable  blues.  It 
instantly  carbonizes  animal  and  vegetable  substances,  but  it  has 
no  effect  upon  glass;  thus  exhibiting  a  striking  dissimilarity 
with  the  hydroflooric  acid*  When  mixed  with  oxygen  gas  it  is 
not  decompoaed,  hot  it  powerfully  attracte  molatoie;  ana  hence 
when  bubbles  of  It  are  allowed  to  escape  vaXo  the  air,  a  denae 
white  cloud  is  produced,  arising  fnm  the  eombination  of  the 
boroflttoric  acid  with  the  hygrometric  water  of  the  atmosphere. 

8iUeon» 

300.  This  is  a  peculiar  solid  body,  hitherto  undeeompeaed,  and 
therefore  considered  aa  elementary,  which  in  the  atate  of  combi- 
nation with  oxygen  is  one  of  the  inost  abundant  aubatancea  in 
nature.  Sir  H.  Davy  appears  to  have  effected  the  decompoaitioii 
of  the  oxide,  or  rather  acid  of  silicon,  (siliceous  earth,)  by  means 
of  Galvanism ;  but  he  was  unable  lo  collect  the  product  of  the 
operation  so  as  to  ascertain  its  properties. 

301.  Berzelius  separated  the  silicon  from  its  acid  by  means  of 
Iron,  and  his  experiments  were  repeated  hy  Professor  Stromeyer  ; 
and  the  former  at  length  succeeded  in  procuring  silicon  in  an 
uncombined  state.    The  process  which  he  recommends  is  cot 

Where  is  it  found  in  nature  ? 

What  compound  does  it  ibrm  with  chlorine  X 

What  are  its  properties  ? 

How  is  borofluortc  acid  obtained  ? 

What  effect  has  borofluoric  acid  on  yegetable  and  animal  solwlancea  t 

What  effect  haa  it  on  atmospheric  air? 

What  is  the  true  chemical  character  of  siliceous  earth  f 

Who  finl  procured  silicon  so  as  lo  exhibit  it  iu  a  separate  state  1 
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difiovlti  and  its  efficacy  depends  on  the  affinity  of  potassium  for 
oxygfeih  which  it  attracts  when  the  double  nuate  of  silica  and 
potassa  is  heated  nearly  to  a  red  heat  in  a  glass  tube  closed  at  one 
end ;  fragments  of  potassium  being  then  introduced  into  the  tube 
and  made  to  mix  with  the  fused  salt,  heat  is  again  applied,  and 
a  feeble  detonation  ensues.  The  mass  must  then  be  left  to  cool,  and 
the  product  being  thrown  into  cold  water,  hydrogen  is  disengaged 
from  the  action  of  the  siliciurot  of  potassium,  which  becomes  cou- 
rerted  into  hydruret  of  silicon  and  potassa* 

30S«  The  hydniiet  Uira  obtained  being  heated  in  a  pla^a  eroel- 
ble,  ^le  hydrogen  will  be  driven  off,  and  the  eilieon  will  temain, 
in  the  form  of  a  annff-colonred  or  nut-brown  powder.  It  does  not 
bum  either  in  air  or  oxygen  gas ;  neither  is  it  fased  or  at  all  changed 
by  exposure  to  powerniT  heat.  ^ 

303.  SUicic  acid, — Silicon,  though  thus  incombustible,  may  be 
indirectly  united  with  oxyp^n  by  various  methods,  formin^r,  as 
already  observed,  the  body  known  as  siliceous  earth.  The  com- 
bination may  be  effected  by  mixing  silicon  with  dry  carbonate  of 
potassa,  and  exposing  it  to  red  heat,  when  the  oxygen  of  the  car- 
bonic acid  will  unite  with  the  silicon,  and  a  combination  of  silicic 
acid  and  potassa  will  be  formed.  If  fused  nitrate  of  potassa  be 
used  instead  of  the  carbonate,  no  effect  will  talce  place;  though 
the  addition  of  a  little  dry  carbonate  of  potassa  occasions  imme- 
diate defla^tion* 

301.  This  peculiar  phenomenon  is  owlnff  to  thcMnflaence  of  the 
alkali,  which  having  a  strong  affinity  forsmca,  disposes  the  silicon 
to  combine  with  tlie  oxygen  of  the  carbonic  acid,  in  which  the 
union  between  carbon  and  oxygen  is  but  weak.  Nitric  acid,  on 
the  contrary,  being  a  very  strong  acid,  entirely  prevents  the  alkali 
of  the  nitrate  from  acting  on  the  silicon ;  unless  the  substances 
be  healed  to  whiteness,  and  then  the  nitric  acid  becoming  decom- 
posed, the  silicon  will  attract  its  oxygen,  and  rapid  combustion 
will  take  place. 

305.  When  silicon  is  heated  with  caustic  potassa  or  soda,  it 
burns  in  the  oxygen  of  the  water  which  they  contain,  forming 
silica.  This  substance  mav  be  found  nearly  pure  in  oolonrlesa 
rock  cryatal  or  quarts ;  and  in  lint  the  enrth  is  only  combined 
with  a  litde  iron.-  In  order  to  obtain  silica  in  a  state  of  absolnte 
purity,  rock  crystal  may  be  reduced  to  powder  by  heating  it  rad- 
noty  and  throwing  it  into  water,  and  then  bruising  it  in  a  mortar : 
one  part  of  this  powder  is  to  be  fused  in  a  silver  crucible,  with 
three  times  its  weight  of  potassa,  and  the  mass  thus  formed  being 
dissolved  in  water,  muriatic  acid  is  to  be  dropped  into  the  solution 
so  long  as  any  precipitate  is  produced  ;  the  liquid  is  then  to  he 
poured  off,  and  the  precipitate,  which  is  acid  of  silicon,  must  be 
repeatedly  washed  with  distilled  water,  and  then  dried. 

What  procoss  ilnon  Berzelius  recommend  for  procuring  silicon? 
How  may  silicic  acid  be  formed  ?    How 'm  the  process  ncrounted  Cot  I 
What  happens  whon  silicon  it  heated  in  eauBtic  potash  ? 
How  is  pure  liliea  obtstned  f 
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306.  Sittea  tbnn  obtained  is  a  wbitat  taateleas  powder,  feeling 
^  harali  when  rubbed  between  the  Angela.  It  is  nearly  insoluble  in 
water,  and  probably  in  all  aeida^  except  the  hydroSuoric.  It  is 
infusible  alone  before  the  blowpipe,  unless  the  flame  be  fed  with 
oxyo^en  gas,  when  it  melts  with  difliculty  into  a  colourless  jjlobule. 
Though  water  has  no  action  on  it  after  it  has  been  dried,  yet, 
accorcliiinr  to  Kirwan,  when  first  precipitated  and  still  moist,  it 
dissolves  in  a  thousand  parts  of  distilled  water;  and  it  is  certain 
that  nature  has  some  process  for  the  solation  of  this  substance, 
since  it  is  found,  though  in  minute  proportions,  in  the  water  of 
some  hot  springs,  as  the  GeyaeTS  in  Iceland.  Wliea  fifst  prepared 
and  minutely  dividedt  it  mdily  disaolrea  in  aolntiona  of  potaaaa 
or  aoda;  bat  ammonia  has  no  effect  on  it, 
•  307*  When  silica  is  fnaed  with  a  large  portion  of  potassa,  a 
compound  is  produced  readily  soluble  in  water,  forming  the  liquor 
siltcum,  liquor  of  flint8«  of  old  writers.  Professor  Seigiing,  of 
Erfurdt,  having  prepared  this  liquor  with  alarrre  quantity  of  water 
and  of  alkali,  he  sufiered  it  to  stand  for  eight  years  in  a  glass  vessel, 
covered  with  paper,  when  crystals  of  salts  of  potash  were  formed 
at  the  bottom  of  the  vessel,  and  the  remaining  liquid,  about  two 
ounces,  was  covered  by  a  transparent  crust,  consistinor  partly  of 
carbonate  of  potash,  and  partly  of  crystallized  silica :  the  latter 
60  hard  as  to  strike  fire  with  a  steel. 

308*  When  silica  is  fused  with  a  small  proportion  of  potash  or 
aoda*  without  Hater,  i]^  product  ia  that  usenil  substance  |^UM« 
In  the  mannfactore  of  glass  a  variety  of  other  aubstsnces  are  oc- 
casionally added  to  the  silica  and  alkali,  for  ▼arions  purposee  : 
among  these  may  be  mentioned  black  oxide  of  manganese,  whi^ 
renders  glass  colourless,  and  improves  its  transparency ;  litharge 
or  oxide  of  lead,  used  in  making  what  is  called  flint  glass ;  limey 
which  is  added  to  the  inprredients  for  crown  or  the  best  win- 
dow glass;  and  boracic  acid  or  borax,  employed  in  making  arti- 
ficial gems.  White  arsenic,  nitre,  brick  clay,  and  other  sub- 
stances are  sometimes  added  to  improve  the  quality  of  glass  ; 
or  in  the  coarser  kinds,  to  increase  the  quantity. 

309.  Silica  was  long  classed  among  the  earths  from  which  it 
differs  decidedly,  in  not  forming  salts  with  acids  ;  the  hydroiluoric 
acid*  as  alreadjjr  observed,  being  the  only  one  with  which  it  enters 
inio  combination.  Hence  it  appeara  that*silica  cannot  act  tlie 
part  of  a  baae  like  the  alkalies,  earths,  and  metallic  oxides. 
With  several  of  these,  however,  it  is  found  combined  in  various 
minerals,  and  therefore  as  to  its  mode  of  action  it  has  an  obvious 
analogy  with  acids,  and  some  chemists  have  given  it  the  name  of 
silicic  acid,  instead  of  silicic  oxide  :  and  to  the  compounds  formed 
by  its  uoion  with  several  earths  and  metallic  oxides,  they  have 

What  are  its  prominent  propertiei  t 

Where  does  it  exist  in  natural  solution  f 

How  is  the  lienor  of  Jlinfs  obtained  ? 

Into  what  anifieial  product  does  silica  enter? 

lo  whftt  respect  does  silica  difibr  from  other  earths  ? 
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applied  the  designatioi  of  aflicatee;  and  thas  glass  noiglit  be  con* 
tidmd  as  a  silicate  of  potassa  or  soda. 

310.  Among  the  combinations  of  silicon  with  ^e  elementary 

substances,  may  be  mentioned  those  that  it  forms  with  chlorine 
and  with  fluorine.  When  silicon  is  heated  in  chlorine,  as  when 
a  carrent  of  that  gas  is  made  to  pass  over  red-hot  silicon  in  a 
porcelain  tube,  a  fuming"  liquid  is  obtained  of  a  yellow  colour, 
extremely  volatile  and  irritating,  which  when  exposed  to  moisture 
becomes  decomposed  forming  muriatic  acid  and  silica.  This  is  the 
chloride  nf  si i; COT},  When  potassium  is  heated  in  the  vapour  of  this 
chloride,  it  burns,  with  the  production  of  siliciuret  and  chloride 
of  potassium. 

311.  Siltcofluoric  aeid^  or  Jlwmit  of  silieon,  may  be  made  by 
distilling  in  a  retort  three  parts  of  floor  spar  and  two  of  powdered 
silica,  with  an  equal  weight  of  sulphuric  acid,  when  a  gas  will 
be  produced  which  may  be  collected  oyer  mercury.  Water  must 
be  carefully  excluded  in  this  operation,  therefore  the  apparatus  must 
be  made  quite  dry.  Silicofluoric  acid  is  a  colourless  gas,  hanng 
a  pungent  smell,  much  like  that  of  muriatic  acid,  and  a  very  sour 
taste.  It  is  more  than  3^  times  the  weight  of  common  air.  It 
extinguishes  the  flame  of  a  taper,  and  forms  white  fumes  when 
exposed  to  moisture,  being  readily  absorbed  by  water;  from 
which,  however,  silica  is  precipitated,  hydrofluoric  acid  being 
produced.  If  the  beak  of  a  retort  from  which  this  gas  is  issuing 
be  plunged  beneath  water,  it  soon  becomes  choked  by  the  abundant 
deposition  of  hydrated  silica,  which  sometimes  forms  tubes 
IhrQugrh  the  water,  by  which  the  gas  passes  off  into  the  air* 

Silicon  likewise  unites  with  sulphur,  uid  with  seTcral  of  the 
metalsi  especially  plating  and  iron. 

3I3.  This  body  being  highly  inflammable,  and  consequently 
having  a  strong  affinity  for  oxygen,  seldom  occurs  naturally  ex- 
cept in  combination  with  that  element,  constituting  phosphoric 
acid  united  with  some  base,  in  the  state  of  a  salt.  It  is  thus 
found  in  the  bones  of  animals,  the  denser  parts  of  which  consist 
principally  of  phosphate  of  lime,  or  the  combination  of  lime  with 
phosphoric  acid,  and  from  the  decomposition  of  this  earthy  salt 
phosphorus  is  procured.  The  usual  procrss  is  to  digest  a  quantity 
of  calcined  or  burnt  bones,  reduced  to  powder,  in  half  their  weight 
of  strong  sulphuric  acid.  The  phosphate  of  lime  is  thus  decom- 
posed, and  the  phosphoric  acid,  after  being  separated  from  the 
lime,  undergoes  a  further  decomposition  by  being  mixed  wiUi 
powdered  charcoal,  and  strongly  heated  in  an  earthen  retort, 

IIow  is  silicon  made  to  combine  with  chlorine? 
How  can  it  be  combined  with  fluorine  ? 
Enumerate  thr  properties  of  fluoride  of  silicon  ? 
With  what  metals  is  aihcon  capable  of  combining  ? 
In  what  combination  is  phosphorus  Ibuud  in  nature  ? 
What  it  the  ufoal  pn>c6M  fi»r  ptoeuring  phosphorus  f. 
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when  the  chueoal  will  eomUie  with  the  oxygen  of  Ae  aoiil,  wai 
the  phosphom  piseiog  over,  may  be  teoeived  in  n  ?eeed  of 
water,  under  the  snrfaee  of  which  the  beak  of  the  retort  moet 
beplonged.  Hie  vroeees  ia  tioableeoniey  and  reqniree  mneh  alien* 
\   tion  on  the  part  of  the  operator. 

313.  Phosphoms  tfius  obtained  is  a  flesh-coloured,  slightly- 
transparent  solid,  nearly  the  consistence  of  wax ;  which,  on 
account  of  its  inflammability,  must  be  preserved  under  water. 
If  heated  in  water,  it  melts  at  about  110*^  Fahrenheit,  and  boils  or 
becomes  evaporated  at  550°.  When  exposed  to  the  atmosphere 
at  common  temperatures,  it  emits  a  light  smoke,  and  a  peculiar 
odour,  resembling  that  of  garlic,  jg^ivinjr  out  in  the  dark  a  beauti- 
ful pale-green  light.  In  this  ease  it  nnoergoes  a  slow  combustion. 
It  ia  aolwile  in  eaeential  oila,  and  eommnniealea  to  them  the  pro- 
perty of  shining  in  the  darl^•  In  pnre  nitrogen  gas  it  ia  not 
Inminoua,  nndergoinff  no  alteration  at  any  temperature.  But  It 
appears  that  the  smallest  possible  quantity  of  oxygen  will  suffice  to 
produce  some  degree  of  combustion  ;*  for  it  will  bnm«  or  at  least 
give  out  light  in  the  exhausted  receiver  of  an  air-pnmp.  Phos- 
phorus may  be  set  on  fire  by  fri<  tion  at  alow  temperature,  and  at 
about  100°  it  takes  fire^and  burns  with  intense  briilia9cy»  throw* 
ing  off  abundance  of  white  fumes. 

314.  This  substance  combines  with  oxygen  in  different  prT>por- 
tions.  Oxide  of  plut^iphortts  is  a  white  substance  with  which  phos- 

£horus  becomes  covered  when  kept  for  some  time  under  water.  It 
I  Tery  inflammable,  and  may  be  used  in  making  phosphoric 
niatchA>oxes*  For  this  purpose  a  piece  of  phosphoma  must  be 
intrqdneed  into  a  small  pniaU melted  slowly  by  applying  heat  ex- 
ternally, and  stirred  about  with  a  hot  iron  wire  till  the  inside  of 
the  bottle  becomes  eoated  with  the  semi-floid  ojdde,  which  is  then 

What  are  the  sensible  properticj»  of  phosphonis  ? 
At  v^at  temperature  does  it  nieli  ?    At  what  point  doen  it  evaporate  ? 
By  what  mechanical  means  may  phosphorus  be  icnited  ? 
What  is  the  name  ^ivon  to  the  combinatioa  of  pnoipliorua  witii  oi^gen 
in  the  lowest  proportion  ? 
To  what  useful  purpoM  may  this  compound  be  applied  7 
What  eflbet  ia  observad  on  plaeing  phospbom  in  a  vaeuuni  t 

*  It  appears  from  the  expcrinienis  of  Dr.  John  Davy  and  others,  that 
•when  oxygen  gas  is  Ttiririedjj>l»osphQru8  shines  in  it:  and  that  when 
oondemad  it  censes  to  shine.  With  an  au^^roeoted  pressure  of  a  colimm 
of  mercury  of  16  inchef<,  when  heated  with  a  spirit-lamp  in  this  gas,  it 
emitted  no  light  till  it  fused  ;  then  it  burst  into  flame  and  onrnt  explosive- 
ly, and  the  oxygen  was  condensed  in  an  instant  Compression  and 

rarefaciion,  in  the  instance  of  common  air,  has  an  eflect  analogoaa  to  dmi 

mentioned  when  speaking  of  oxygon  When  phosphorus  is  placed 

on  the  plate  of  an  air-pump,  under  a  receiver,  and  the  air  exhausttnl,  the 
brightness  of  its  light  in  the  dark  rather  increases  with  the  exhaustion; 
and  in  the  nearly  peifeet  vacuum  Ibtmed  by  a  good  pump,  its  light  was 
not  diminished.  Wlicn  the  air  has  been  suddenly  readmitted,  the  light  has 
been  extinguished,  and  for  a  few  seconds  it  has  ceased  to  shine." — 06aerw 
uUinnB  on  tkoMphoru*.  By  J.  Davy,  M.  D.,  F.  R.  S.,  in  Jameson's  Journal 
ef  Science. 
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to  be  preserved  fcf  ase,  by  closing-  the  bolde  with  a  cork.  When 
»  light  is  wBBtedf  it  is  only  aeeessaiy  to  into  the  bottle  s 
hrimstone-matchy  and  on  withdrawing  it  with  a  small  portion  of 

the  oxide  of  phosphorus  adhering  to  its  extremiMr,  the  sulphnr  will 
become  inflamed,  and  the  match  may  be  used  lot  lighting  a  taper 

or  for  any  other  purpose. 

315.  There  is  some  uncertainty  as  to  the  number  of  the  acid 
coriibiiiaiions  of  phosphorus  and  oxygen.  Three  may  be  discri- 
minated as  containing  different  proportions  of  their  constituent 
elements.  These  are  the  hypophosphorous,  the  phosphorous,  and 
the  phosphoric  acids.  The  relative  quantities  of  phosphorus  and 
oxygen  in  these  acids  are  thus  stated  by  Mitscherlich : 

Phosphoiie  add  sb  100  Phosphorus 4- 137.460  Oxygen. 
Phosphorous  acid  » 100  Phosphofiis+  76.470  bxygen. 
Hypophosphorous  acid  » 100  Phosphoros  4*  36.490  Oxygen.* 

316.  Tho  phosphorous  acid  is  a  white,  Yolatile  substance,  which 
♦  may  be  obtained  by  burninpf  phosphorus  in  a  tube,  with  a  relatively 

small  portion  of  air,  and  at  a  moderate  temperature;  it  may  then 
be  collected  in  the  state  of  a  white  powder,  which,  on  exposure 
to  the  atmosphere,  decomposes  the  water  suspended  in  it,  con- 
siderable heat  is  given  out,  and  it  combines  with  an  additional 
portion  of  oxygen  to  constitute  phosphoric  acid.  The  phosphorous 
acid  speedily  dissolves  in  water,  to  which  it  gives  a  sour  taste, 
.  and  the  solation  reddens  vegetable  bines;  ^ith  vaiious  salifiable 
bases  this  add  forms  certain  salts  called  |nosphites.  Both  the 
phosphorons  and  the  phosphoric  adds  combine  in  definite  propM>» 
tbns  with  water,  forming  hydrated  acids. 

317.  When  phraphorus  is  rapidly  inflamed*  as  in  its  combus- 
tion in  oxygen  gas,  abundance  of  wAite  vapours  are  produced, 
which  become  condensed  into  deliquescent  flakes,  adhenng-to  the 
interior  of  the  receiver,  or  falling  to  the  bottom  like  snow;  this 
substance  is  the  phosphoric  acid.  This  acid  may  also  be  obtained 
from  the  decomposition  of  atmospheric  air  by  phosphorus.  Thus 
if  a  piece  of  phosphorus  be  placed  in  a  watch-glass,  upon  a  plate 
of  glass,  and  covered  with  a  tall  receiver,  on  setting  it  on  fire  with 
a  red-hot  iron  it  will  at  first  burn  rapidly,  and  then  more  slowly 
till  the  oxygen  is  nearly  consnmed.  Tne  combustion,  however, 
ma^  be  renewed  by  occasiona11}r  lifing  the  receiver  slightly,  so  as 
to  mtroduce  fliesh  supj^es  of  air  from  time  to  time»  till  the  plios* 

Bow  neay  aeid  eowpoimda  of  pbosphorai  snd  oxygen  are  kHmon  to  . 
exist  ? 

What  are  the  relative  proportions  of  the  two  ingredients  in  eaeht 
What  are  the  leading  properties  of  phosphorous  acid  t 
In  wiiat  maoaer  is  phosphoric  acid  formed  ? 
How  ii  it  obtsined  m  an  sahydms  slatet 


*  Introduction  to  Chemiatry,  vol.  i.  p.  389. 
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plioniftitidl  bmnl,  and  tbiM  wiH  be  Cmed  m  awttiyr  of  anlij- 
droaR  phospboife  aeldt  st  beioMy  in  tba  form  of  Bakes  of  enow. 

318.  'fbie  eubetattee  dieeolves  in  water  witb  abisaing  noise,  and 
the  evolution  of  much  heat;  and  it  is  also  soluble  in  alcohol* 
Pboapboric  acid  may  likewise  be  obtained  by  heating  small  fracr- 
menta  of  phosphorus  in  nitric  acid.  Though  phosphoric  acid  wul 
unite  readily  with  water,  on  }i rating  the  solution  the  greater  part 
of  the  water  may  be  driven  off,  and  if  the  residue  be  exposed  to  a 
low  red  heat  it  melts,  and  on  cooling  forms  a  kind  of  glass,  some- 
times called  glacial  phosphoric  acid.  The  solid  acid  attracts 
water  from  the  air;  it  has  no  smell,  but  an  intensely  sour  taste, 
and  becomes  volatilized  without  decomposition  at  a  bright  red 
lieat*  It  unites  with  salifiable  bases  to  produoe  the  salts  called 
pho^atesi  one  of  whieb«  the  jAosphate  of  soda^  is  used  ia 
medicine ;  and  phoephate  of  lime«  or  the  combination  of  this  add 
with  calcareous  earth,  constitoles  a  considerable  part  of  the  bones 
of  animals,  from  the  decomposition  of  wluch«  as  already  stated, 
phosphorus  is  usually  obtained. 

319.  The  hypophosphorous  ocid^  is  so  named  as  containing  a 
smaller  proportion  of  oxygen  than  the  phos[)horous  acid.  The  salts 
formed  by  this  acid  are  all  readily  aoiubiei  and  highly  deli^uea- 
cent  when  exposed  to  the  air. 

Ii20.  The  phosphoric  acid  is  capable  of  undergoing  modifica- 
tions, which  materially  influence  its  properties,  without  causing 
any  alteration  of  the  proportions  of  its  constituents.  If  liquid 
phosphoric  aeid  be  M^apofsted*  and  heated  to  sneh  a  temperatme 
as  may  be  judged  capable  of  expelling  the  chief  part  of  the  water, 
it  is  changed  into  pyrophoapboric  acid :  and  the  same  chana^ 
takes  place  when  the  acid  exists  in  a  salt  combined  with  an  alkali. 
Although  between  phosphorie  and  pyn^hMphoric  aeid  there  ia 
no  known  difference  of  composition,  the  properties  of  each  are 
essentially  different.  Pyrophosphoric  acid  produces,  with  oxide 
ofsfFver,  a  white  salt ;  phosphoric  acid,  a  yellow  one  :  the  former 
is  a  less  energetic  acid,  it  has  less  saturating  power,  and  is  eyeu 
separated  from  its  combinations  by  phosphoric  acid."* 

321.  This  apparent  identity  of  composition  occurs  in  various 
other  compounds,  constituting  the  phenomenon  which  has  been 

How  is  phoKj>lioric  acid  obtained  in  a  glacial  ttstet 

What  are  the  chief  properties  of  this  acid  ? 

In  what  ^rm  of  combination  doea  phosphorus  exist  in  animals  ? 

What  changes  may  phosphoric  acia  undergo  without  chanuging  the  pftft 

portions  of  its  constituents? 

What  striking  difierence  exisii  between  phoephohc  and  pyrophosphorie 

acid  ^ 


*  Donovan's  Treatise  on  Chemistry,  in  Cabinet  Cyclopedia,  p.  SSI.  See 
also  Mitscherlich'e  Introduction  to  Chemistry,  vol.  i.  pp.  391 — 394 ;  and 
^^Qsiou  on  Chemistiy,  in  Report  of  British  Xnociation  tor  1832,  pp.  457 — 
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termed  Isomerism.*  Another  instance  of  it  will  be  found  in  the 
combination  of  phosphorus  with  hydrogen,  in  the  existence  of  two 
oxides  and  two  chlorides  of  tin,  differing  in  properties,  but  having 
the  same  atomic  constitution,  in  some  other  combinations  of  oxy- 
gen with  metals,  and  in  some  of  the  acids  with  compound  radicals. 
Aroon^  the  numerous  carburets  of  hydrogen,  cases  of  a  corre- 
spondinff  mode  of  onion  hsre  been  nolieed,  giving  rise  to  wliat  is 
teimed  rolymerism;*  and  there  is  another  kind  of  lelatlon  be- 
tween the  combining  proportione  of  bodies  expressed  b^  the  term 
Metamerism.*  These  phenomena  have  so  much  simihtnde,  that 
their  origin  may  with  probability  be  referred  to  a  common  cause  $ 
but  the  subject,  which  is  higfhly  interesting,  leqaiies  fufther  in- 
testig^tion. 

322.  Phosphorus  combines  with  chlorine  in  two  proportions. 
Frotochloride  of  phosphorus  may  be  obtained  by  distilling  phos- 
phorus mixed  with  corrosive  sublimate,  or  perchloride  of  mercury, 
when  calomel,  or  protoehloride  of  mercury  will  be  formed  by  the 
decomposition  of  the  sublimate,  and  the  portion  of  its  chlorine, 
which  is  thns  set  fiee,  witl  immediately  eomMne  wllli  the  phos* 
phoms.  Protoehloride  of  phosphoms  when  first  obtained,  is  m 
liquid  of  a  reddish  eolonr,  nolding  some  phosplioras  In  solation, 
which  it  deposits  on  standing.  It  then  becomes  transparent  and 
colourless,  its  specific  gravity  is  \M*  It  has  a  suffocating  smell, 
and  gives  off  acid  fumes  when  exposed  to  the  air,  owing  to  its 
absoroing  water,  which  it  readily  decomposes,  the  hvdrojren  of  the 
water  combining  with  chlorine  to  form  muriatic  acid,  and  the  oxy- 
gen with  the  pliospliorijs  to  form  phosphorous  acid.  Its  vapour  is 
combustible  ;  and  when  m  a  dry  state,  it  does  not  giffect  the  colour 
of  vegetable  blues* 

To  what  phencnnenon  it  the  term  leomerinn  applied  I 
What  m  meant  bf  Palymeritni  ? — Metaraerismf 

What  two  compounda  are  formed  by  phosphorus  and  chlorine? 
Describe  Uie  process  of  obtaining  the  pruiocbloride  oi  phosphoruft? 
What  are  its  properties  ? 

— — — Mil— ■  II  — —  II  ■  ^ 

♦  IsomerisRi  ifl  a  terra  derived  frf>m  the  Greek  "I«rof,  eanal,  and  Mtpof, 
apart ;  Polyraerism  from  IIoAi(,  many^  and  Mepo; ;  and  Mfebimerism  from 
Mcr^  aeeming  tOy  and  Mrpo(.  The  iollowing  explanatioii  of  Uieae  terms 
ia  given  by  Mr.  Johnston:  **£Kmieric  bodies  are  those  which  contain  the 

same  absolute  and  relative  number  of  atoms  of  the  same  elements,  and 
have  consequently  the  same  atomic  weighr.  Polymeric  are  those  whicJi 
contain  the  same  relafive*  bur  not  the  same  absolute  number  of  atoms  ot 
the  laae  elemento,  and  whose  atomic  weights  are  consequently  unlike. 
Mefameric  are  those  which,  while  ihcy  contiiin  the  same  absolr/ie  and  the 
same  relative  number  of  atoms  of  the  same  clemeniff,  yot  couHtitiite  snb- 
Btauces  belonging  to  an  entirely  difierent  class  ort>odics,  or  a  ditTeregtor" 
der  of  chemical  compoiinda."— Rtporte  ike  British  AuoeiaHom  forll||^* 
pp.  435,  436. 

IsomorphiHtn.  (from  the  Greek  "l<rog,  and  Mon<^f),  f<rurc,  or  shape,)  corre- 
spondence of  lurm  tietween  bodies  composed  of  diHerent  elements,  refers 
to  another  cIbm  of  chemical  phenomenat  hrought  to  light  ihron^h  ihe  ra^ 
eeorchea  of  men  science.  It  orrnrs  in  crystalluie  hodiea,  and  Will  be  ih|w 
ther  noticed  in  the  Treatise  on  Mineralogy, 
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323.  Perehloride  of  phosphorus, ^Whea  phosj)horus  is  intro- 
dneed  into  eUorine  gaa,  it  takes  fire  mxNiiteoeoiieiy,  barniDg  with 
a  pale  fleine,  tnd  the  prodoet  is  a  wJaite  polmnleiit  sahslaaoe, 
whieh  eondeBses  on  tae  sides  of  the  vessel*  It  is  TdatHe  at 
temperataves  under  212°,  bat  if  heated  under  pressuie,  it  fuses 
and  becomes erystallized  on  cooling.  It  acts  violently  ou  water, 
double  decomposition  taking  place,  and  hydrochiooc  or  muxiatin 
acid,'  and  phosphoric  acid  bein^  produced. 

324.  Phosphorus  very  readily  combines  with  iodine,  for  w^ben 
these  substances  are  mixed  in  an  exhausted  vessel,  g-reat  heat  is 
evolved  but  no  light,  and  the  result  is  a  reddish  or  orange-coloured 
compound,  the  iodide  of  phosphorus,  which  powerfully  aecomposes 
water.  Periodidc  of  phosphorus  is  a  black  compound,  which  may 
be  formed  bv  heating  together  its  constituent  parts,  and  like  the 
pieeeding  it  oecompoaes  water; 

335.  Aecoiding  to  M«  Balard,  phospho^nombines  with  bn>» 
nine  in  two  proportions,  but  the  oompounds  thus  formed  lum 
been  but  slighUy  examined. 

396.  Phosphorus  combines  with  hydro^n  to  form  two  Tmir 
pounds.  The  former  of  these,  called  phosphuretfed  hydrogen^  uiiVf 
be  readily  procuied  by  heating  phosphorus  in  a  solution  ^  canatMi 
potash. 


o 

o 

o 


397.  This  combination  may  be  formed  by  means  of  the  apparatus 
lepiesented  in  the  preceding  figure.  Let  about  a  quarter  of  an 
ounce  of  phosphorus  be  introduced  into  the  small  retort,  A,  which 
is  to  be  filled  up  to  its  neck  with  the  solution  of  caustic  potash, 
and  the  lower  end  of  the  retort  is  to  be  dipped  under  water  in  the 
trouorh  B  ;  then,  on  heating  the  retort  gradually  with  a  lamp,  gaa 
will  be  generated,  which  will  rise  from  the  end  of  the  tube,  through 
the  water,  in  bubbles,  and  these  on  coming  in  contact  with  the  air 
will  inflame  with  a  slight  explosion.  When  the  atmosphere  is 
still,  each  bubble  as  it  bursts  prodi^ces  an  expanding  ring  of  deaae 
vapour,  resulting  from  the  sudden  formation  of  phoaphorio  acid  and 
water.  Some  care  is  necessary  in  the  conduct  of  tnis  experimeaty 
so  as  to  indnde  as  small  a  portion  of  air  as  possible  in  tne  letort. 

How  is  perehloride  of  phosphorus  procured  ? 

How  many  and  what  compounds  does  it  form  with  iodine  f 

How  many  compounds  does  it  make  with  hydrogen  f 

How  is  phosphuretted  hydrogen  obtnined  ? 

Witat  (Hiculiar  phenomenon  attends  the  rising  of  babbles  of  this  into 

the  ope  a  air  ? 
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since  the  first  bubbles  of  phosphuretted  hydrogen  g^s  that  are 
formed  will,  as  soon  as  they  come  in  contact  with  the  air  in  the 
retort,  take  fire,  and  the  retort  may  be  broken  by  the  percussion. 

328.  This  gas  may  also  be  procured  by  dropping  small  pieces 
of  the  compound  called  phosphuret  of  lime,  into  mariatic  acid, 
largely  diluted  with  water,  and  the  gas  rising  as  before,  will  tdw 
fi  re°on  coming  in  contact  with  the  lir.  Hie  flame  eompoand  may  be 
obtained  by  heating  in  dose  Teseele  solid  hjdnted  phosphorie  acid ; 
tnd  the  gas  prodoced  by  this  or  either  of  the  preceding  operations, 
may  be  prescTYed  by  suffering  it  to  pass  into  an  inyerted  jar  filled 
with  water,  when  it  will  rise  to  the  top,  and  mdoalJy  displaee 
^at  liquid.  Phosphuretted  hydrogen  is  a  colourless  gas,  with 
a  nauseous  smell,  like  onions  or  asafnetida,  and  a  very  bitter  taste. 
It  loses  its  iiiflvimmable  property  by  being  kept  over  water,  which 
absorbs  about  two  per  cent,  of  the  gas,  and  thus  acquires  its  cha- 
racteristic taste  and  odour.  It  burns  with  great  splendour  in  oxy- 
gen gas,  in  chlorine  with  a  beautiful  pale  blue  light,  and  it  also 
burns  in  nitrous  oxide. 

3S9.  The  gas  which  has  been  styled  hUiydrngurd  of  pkosphant$^ 
or  hydrophosphoric  gas,  may  be  obtained  by  heatinj|r  the  solid 
hydnited  phosphorie  acid,  in  a  small  retort,  and  collecting  the  pro* 
dnci  over  mercury.  It  Is  eolonrless,  and  resembles  the  preceding 
compound  in  taste  and  smell,  but  is  less  disagreeable.  Though 
it  does  not  inflame  spontaneously  in  atmospheric  air,  it  explodes 
when  heated  to  300°,  and  more  readily  when  heated  in  oxygen 
•  gas ;  it  also  takes  fire  spontaneously  in  chlorine.  Professor 
Henry  Rose  has  ascertained  that  this  and  the  preceding  are  iso» 
meric  bodies ;  so  that  there  are  two  kinds  of  phosphuretted  hy- 
drogen, one  which  inflames  spontaneously  in  atmospheric  air,  and 
another  which  is  relatively  non-inflammabie,  both  consisting  of  one 
volume  of  phosphorus  in  vapour,  and  three  volumes  of  hydrogen 
gas,  condensed  to  the  bulk  of  two  ▼olnmes. 

330.  The  combination  of  phosphorus  with  carbon  was  first 
effected  by  M.  Proust.  Photphunt  of  xarbon  may  be  obtained 
from  phosphuret  of  limct  by  suffering  it  to  remain  in  water  till  it 
gives  out  no  more  gas;  a  considerable  excess  of  muriatie  acid  is 
then  to  be  added  to  the  liquid,  and  atler  agitating  it  a  few  moments 
it  must  be  thrown  on  a  filter,  and  the  substance  which  remains  on 
it  is  to  be  washed  and  dried.  It  seems  from  this  process  that 
carbon  is  contained  in  phosphuret  of  lime,  as  usually  prepared, 
and  it  is  also  procured  in  the  process  for  making  phosphorus." 
Phosphuret  of  carbon  is  a  soft  powder,  of  a  dull  lemon  colour, 
destitute  of  taste  or  smelli  which  when  exposed  to  air  absorbs 

« 

How  is  the  phosphuretted  hydroj^en  obtained  from  phosphuret  ofUmef 

How  is  the  inflamm.ibilify  of  this  gas  destioyedl 
How  is  hydrophosphoric  acid  procured t 
What  are  iis  sensible  properties? 
What  chemical  eharaetenttict  does  it  pnmntf 

AVhat  is  the  proportion  of  phosphorus  and  hydrogen  in  their  two  isomerio 
compouiida  I  What  m  the  prooesi  for  procoimg  pbMphuiet  of  carboo? 
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water,  which  it  decomposes,  becoming  conTerted  into  phosphoros 
aeid.  Exposed  to  ft  red  heat  it  bums,  and  gradually  gives  out  its 
phosphoraa,  the  ehaieoal  remaioiog  behiod  in  the  tona  of  a 
eabetince,  coated  with  phosphorie  aeid,  which  pTBTcaia  its  oem- 
plete  combustioo*  When  the  powdered  phosnhuret  is  thrown  over 
the  file  in  amil  qoantitiee,  it  ibnoa  beaatiiiit  ecintillataQna. 

331.  This  substance  is  well  known,  as  being  of  common  oc- 
currence, and  employed  in  medicine  and  the  arts  for  a  variety  of 
purposes.  It  is  oAen  foand  in  Tolcanic  districts,  among  tbe 
matter  discharged  from  the  craters  of  bumiDgr  moantainst  and  in 
several  states  of  combination  it  forms  a  constituent  of  nomeroos 
mineraJs.  Flowers  of  sulphur  and  roll  sulphur  differ  only  as  to  diehr 
state  of  ag^egation.  The  latter  exhibits  a  crystalline  structure, 
especially  if  melted,  and  suffered  to  cool  slowly.  Though  sulphur 
may  be  considered  as  an  insipid  and  alnnost  inodorous  body,  it  ex- 
hales a  peculiar  smell  when  heated  or  exposed  to  friction.  Heat  and 
friction  also  render  it  highly  electric,  and,  like  sealing-wax,  it  is  a 
non-conductor  of  electricity.  When  raised  to  the  temperature  of 
about  180°  Fahrenheit,  it  sublimes,  stronprly  exhibiting  its  charac- 
teristic odour;  at  about 220°  it  becomes  fused,  and  if  the  heat  is 
increased  and  continnedy  it  forms  a  viscid  semi-solid  mass,  which, 
when  poured  into  warm  water,  assumes  the  consistency  of  soft 
wax,  exhibiting  a  red  tint ;  and  in  this  plastic  state,  it  is  used  for 
taking  impressions  of  coins,  medals,  or  sculptured  gem8«  as  It 
becomes  quite  hard  on  cooling.  Sublimed  sulphur,  (flowers  of 
sulphur,)  when  examined  by  a  microscope,  is  found  to  consist  of 
minute  crystals. 

332.  Sulphur  is  well  known  to  be  highly  inflammable,  com- 
bining with  the  oxygen  of  atmospheric  air,  even  at  the  tempera- 
ture of  190^;  though  it  then  burns  but  slowly,  with  a  faint  blue 
light;  but  at  300°^  its  combustion  goes  on  rapidly,  with  the 
evolution  of  much  light  and  heat.  In  oxygen  gas  it  burns  brightly, 
producing  a  large  lilac-tinted  flame.  It  combines  with  oxygen  in 
four  different  proportions,  to  form  definite  compounds,  all  of  which 
are  acids,  whose  relative  composition  will  appesr  from  the  foUow- 
ing  table : 

Sulphuric  acid  =  100  Sulphur  -f- 149.136  Oxygen. 
HypoBulphuric  acid  s=  100  Sulphur  +  124.280  Oxygen, 
Solphurons  acid  aslOO  Soiphnr-I-  99.430  Oxygen* 
Hy posulphunis  add  » 100  Snlphiv  +  49*710  Oxj geiu 

In  what  forms  does  sulphur  occur  in  nature  ? 

Whif  is  the  difference  between  the  two  ibmu  in  which  it  it  met  wilb 

in  conunerce  ? 

Doe*  thit  lubttanee  neeetnarily  pan  tiuoagh  Ae  liquid  state  iaehsiigin^^ 

from  a  solid  to  a  vapour? 

In  how  many  proportions  doos  sulphur  combine  with  oxygen? 
\\  iiui  are  the  respecUve  producta  of  these  combiiiatioos  2 
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333.  Sulphurous  acid. — This  ia  a  ^^eous  compound,  which  may- 
be obtained  by  the  direct  union  of  its  constituents,  when  sul})hur 
is  burnt  in  atmospheric  air,  perfectly  free  from  moisture,  or  in 
oxygen  gaa.  It  may  also  be  procured  by  boiling  two  parts  of 
nuBT&uf  In  ikne  ei  salphiuric  aoid ;  or  by  heating  together,  in  a 
maall  glaas  wtort,  equal  parts  of  powdered  blaek  oxide  <^  mann« 
nese  and  flowen  of  solphaz*  In  the  former  of  these  proeeBseSy  the 
.mercury  partially  decompoees  the  sulphuric  aoid»  becoming  ozi* 
dated  by  uniting  with  a  portion  of  its  OJcygen,  and  sulphurous 

•    acid  gas  is  thus  formed.    In  the  latter  case,  the  sulphur  attracts 
from  the  metallic  peroxide  a  part  of  its  oxygeOf  and  the  gaseous 
.acid  is  produced  as  before. 

334.  This  gas  must  be  collected  and  preserved  over  mercury, 
as  water  absorbs  more  than  thirty  times  its  volume  of  it.  It  com- 
municates to  water  the  odour  of  burning  brimstone,  and  an  astrin* 

fent  acid  taste.  At  first  the  solution  bleaches  vegetable  colours, 
at  after  being  kept  some  time,  -it  changes  blae  colours  to  red* 
The  ns  eiiaaUy  emMsea  colours,  and  it  is  therefore  used  in  bleadi* 
ing  suk,  cotton,  straw,  and  other  substances.  It  has  likewise  the 
j>roperty  of  checking  yinons  fermentation,  and  it  is  hence  occasion* 
.ally  enq>loyed  in  the  processes  of  brewing  and  mixing  wines.  Thin 
gas  is  not  inflammable,  extinguishing  Earning  bodies  which  are 
plunged  into  it;  hence  when  the  soot  is  on  fire  in  a  foul  chimney, 
if  it  be  filled  with  the  fumes  of  sulphurous  acid,  by  heating  sul- 
phur below  on  an  iron  plate,  the  fire  will  be  put  out,  as  the  soot 
cannot  burn  in  an  atmosphere  of  this  gas*  It  is  speedily  destruc* 
tive  to  animals  confined  in  it. 

335.  Sulphurous  acid  may  be  condensed  to  the  liquid  state,  by 
exposure  to  pressure  equal  to  the  weight  of  two  atmospheres,  «t 
the  tempeKatnre  of  45^,  and  by  means  of  intense  cold,  independent 
of  pressure.  In  this  form  the  specific  gravity  has  been  esUmated 
at  1*45,  and  U  boOs  at  14^,  indacing  the  speedy  congelattoa  of  . 
liquids  in  contact  with  it  by  its  rapid  evaporation* 

336.  Sulphuric  flctrf*-  The  quantity  of  oxygen  contained  in  this 
acid  is  just  half  as  much  again  as  that  in  the  preceding  compound, 
and  therefore  sulphuric  acid  may  be  profluced  by  combining  sul- 
phurous acid  with  an  additional  portion  of  oxygen.  The  acid 
gas  will  not  unite  with  oxygen  when  simply  mixed  with  it,  with- 
out the  intervention  of  some  other  body  ;  but  if  water  be  present 
the  combination  may  be  effected.  Thus  when  oxygen  gas  is 
inclosed  in  an  inverted  jar  over  an  aqueous  solution  of  sulphurous 
acid  the  oxygen  will  be  slowly  absorbed,  and  snlphuric  acid  may 
be  thus  obtmned,  largely  diUited  with  Water,  a  eeaaidmUe  pos- 
4ioft  of  which  may  be  expelled  by  evaporation. 

337*  Thia  acid  is  used  for  numerous  purposes,  and  la  there- 

How  is  sulphurous  acid  obtained  ? 
What  cheinical  e^ets  does  it  produce  f 

How  is  the  extinction  of  fire  in  chimneys  by  thhiwing  sulphur  mto  the 
fire  to  be  accounted  for  ? 
Xu  how  many  ways  may  sulphuious  acid  be  condensed  into  a  liquid  ? 
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fure  manufactured  on  an  extensive  scale,  the  process  generally 
adopted  beinj^  founded  on  the  same  principle  with  that  just 
described.  It  consists  essentially  in  burning  a  mixture  of  about 
eight  parts  of  sulphur  and  one  of  nitre,  (nitrate  of  potash,)  in  a 
close  ehamber  lined  with  lead,  md  eontaining  water*  Here  aal- 
plraroiia  acid  is  fiial  formed  firom  the  eomboetioii  of  ifte  aalphar, 
end  the  partial  deeompositioii  of  the  nitrate  of  potaah  fbrniriiea 
the  addinonal  quantity  of  OKygent  to  form  aolphoric  acid,  when 
the  products  of  the  combastion  come  in  contact  with  the  water. 
The  acid  thus  procured  ia  afterwaida  concentrated  by  boiling,  and 
purified  by  distillation. 

338.  Another  method  of  obtaining  this  acid  is  from  the  decom- 
position of  sulphate  of  iron,  or  the  compound  of  sulphuric 
acid  and  oxide  of  iron,  when  distilled  from  earthen  retorts  in  a 
reverberatory  furnace.  The  salt  used  in  this  operation  bein^ 
called  preen  vitriol,  or  martial  vitriol,  the  acid  which  it  produced 
recei  ved  the  name  of  oil  of  yitriol,  with  reference  to  ito  conaiat- 
enee  and  feneial  appearance.  This  add  emits  whitteh  or  gray 
vapoorawheneipoeed  to  the  air,  and  if  it  be  distilled  with  a  ram 
heat,  and  the  receiTer  kept  cool  with  anew  or  pounded  teoy  m 
transparent  colourless  vapour  will  jpass  over,  ana  become  eoil* 
denseJ  into  a  crystalline  aolid,  leCembling  fibrea  of  aabeatoSy 
which  is  the  pure  acid. 

339.  The  anhydrous  acid,  thus  prepared,  h  so  extremely  vola- 
tile, that  it  rises  in  fumes  at  a  low  temperature,  and  greedily 
attracts  moisture  from  the  air.  Liquid  sulphuric  acid  consists  of 
81.G3  parts  by  weight  of  the  pure  or  anhydrous  acid,  and  18.37  of 
water.  It  then  forms  the  oily  fluid  already  described,  which  has 
the  specific  gravity  of  1.85,  which  boils  at  600°,  and  freezes  at 
15^,  onderffoing  in  the  solid  state  a  considerable  amount  of  con- 
traction. It  ruidlly  abaorba  moistaie  from  the  air,  whence  lis 
application  in  many  proeesaee  for  the  purpose  of  obtaining  gaaea 
ffee  from  aqueous  vapour*  'When  mingled  with  a  moaeraie 

.  quantity  of  water,  it  produces  a  high  degree  of  heat.  The  con- 
centrated acid  acts  as  a  caustic^  when  applied  to  the  skin,  and  it 
blackens  and  corrodes  both  animal  and  vegetable  substancea. 
According  to  Dr.  Ure,  the  solid  or  anhydrous  sulphuric  acid,  if 
dropped  on  paper,  will  burn  holes  in  it  as  readily  as  a  red-hot 
iron,  and  when  dropped  into  water  it  hisses  as  if  a  red-hot  coal 
had  been  thrown  into  it:  at  the  temperature  of  64^  it  dissolvee 
into  a  thin  liquid.  ^ 

340.  Htfposulphurdm  acid  mav  be  formed  by  digesting  filinffs 
of  iron  in  water  impregnated  with  sulphnione  add  gas,  whidi  la 
partially  decomposed,  rorming  oxygen  atfd  hypoenlphnrona  acid  ; 
the  oxygen  comDines  with  the  metal  to  form  oxide  of  iron,  wttah 

In  what  manner  may  sulphurous  be  converted  into  sulphuric  acid? 
How  is  this  acid  m^ufactured  for  the  purposes  of  the  arts  ? 
How  is  the  pare  acra  obtained  f 

Wliat  are  tho.  properties  of  the  anhydrous  sulphuric  acidf 
How  may  the  hypoaulfiUurous  acid  be  ibrmed  I 
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unites  with  the  acid,  and  the  result  is  the  salt  called  hyposul- 
phite of  iron,  remaining  in  solution  in  the  waler.   Various  com- 

Kmids  of  this  aeid  wift  mmb  maY  be  obtained  by  other  vrooesses ; 
t  it  seems  qneationabla  whedier  it  can  be  procured  in  an  un* 
eombined  state*  Dr.  Thomson  announced  the  prodncUon  of  an 
acid  of  aulplinr  eonSuning  a  larger  proportion  of  oxygen  than 
die  procediiigy  bat  less  tnan  any  of  the  others,  (its  combiDinfl^ 
quantity  of  oxygen  being  a  mean  between  the  hyposulphurous 
and  the  sulphurous  acids,)  to  which  he  gave  the  appellation  of 
subsulphurous  acid.  But  from  an  analysis  of  hyposulphite  of 
barytes,  and  other  experiments  of  Professor  Hose,  it  appears  that 
this  acid  consists  of  the  same  constituents  as  the  hyposulphurous^ 
and  in  the  same  proportions,  but  each  atom  contains  double  the 
number  of  atoms  of  sulphur  and  of  oxygen.  It  is,  therefore,  an 
example  of  a  polymeric  compound. 

841.  Mjfpotu^innc  oeMU^When  snlphnroos  acid  gas  is  passed 
tiuongh  water  in  wlddh  the  powdw  of  blade  oxide  of  manganese  is 
kept  suspended  by  agitation,  the  metallic  oxide  becomes  partly  de- 
oomposedy  and  the  oxygen  which  it  dvea  out  combines  with  the 
sulphurous  acid  in  two  proportiona,  iormingf  sulphuric  and  hypo- 
sulphuric  acid.  Both  these  acids  will  unite  with  the  oxide  of 
manornnese,  and  to  obtain  the  hyposulphurio  separate,  solution  of 
barytes  must  be  added,  which  will  decompose  the  metallic  salts, 
forming  a  soluble  hyposulphate,  while  the  other  ingredients  will 
be  precipitated.  The  hyposulphate  of  barytes  is  then  to  be  de- 
composed by  means  of  sulphuric  acid,  and  the  hyposulphuric  acid 
thus  obtained  may  be  concentrated  by  placing  it  under  the  ex- 
hausted receiver  of  an  air-pump,  with  sulphuric  acid.  The  acid 
which  may  thus  be  tm^fid  to  the  specific  gravity  of  1.347«  is  an 
inodorons  liquid  which  reddens  litmus  paper.  It  forms  soluble 
salts  not  onbr  with  baiytes,  but  likewise  with  lime,  strontia,  and 
protoxide  of  lead;  thna  esaentially  diflSsring  from  the  anlphurio 
f»id. 

.  342.  Sulphur  does  not  appsientXy  combine  with  nitrogen,  but 

with  hydrogen  it  forms  two  compounds,  both  which,  like  acids, 
unite  with  the  alkaline  and  other  bases  to  form  a  kind  of  salts. 
That  which  contains  the  smaller  proportion  of  sulphur,  has  been 
called  sulphuretted  hydrogen,  and  sometimes  hydrosulphuric,  or 
ht/drothionic*  a^iid.  It  may  be  formed  indirectly  by  pouring  sul- 
phuric acid,  diluted,  on  combinations  of  iron  or  other  metals  with 
sulphur.  It  is  a  colourless  transparent  gas,  readily  absorbed  by 
water,  and  has  a  Tsry  offensive  kmell,  similar  to  that  observable 
in  putritf  eggs,  or  in  the  washings  of  afoul  gun-banel  $  the  peculiar 

How  the  hvposulpburic  ? 

What  are  the  chemiod  properties  of  this  acid  which  distinguish  it  ftom 
l9ie  sulphuric  ? 

How  miiny  compounds  are  produced  between  hydrogen  and  tolphurf 

How  is  hydrosulj^uric  acid  obtained  ? 

What  are  il>  aennble  and  what  Its  chemical  properties  f 

*  Fiom  the  Greek  "YJ<i^  tooXer,  and  6<ioy,  wlfhw* 
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odour  in  these  and  other  casetj  of  its  occurence,  depending  on  ihe 
presence  of  this  gas.  Hydrosulphuric  acid  appears  to  oe  com- 
posed of  too  ptTto  by  weight  of  tnlphorf  aad  6.184  of  hydrogen. 
II  reddens  Htmiis  paport  and  eombines  with  manT  of  the  sidifiable 
basest  ibrming  a  class  of  salts  called  hydrosolpnateSt  which  are 
decomposed  bj  all  the  oxymn  acids  except  the  carbonic. 

343.  HTdrosulphoric  aoid  gas  is  inflammablet  banting  whsA 
mixed  with  common  air  or  oxygen,  but  it  extin^ishes  other  bom* 
ing  bodies  immersed  in  it.  It  tarnishes  quicksilver,  gold,  and 
tTiorcury«  and  blackens  white  oxide  .of  lead,  (ceruse,)  or  thai  of 
hisouith. 

One  of  the  modes  in  which  this  pro- 
perty of  rtducincr  the  oxides  of  metal  pos- 
sessed by  hytirosdlphuric  acid  may  be  ex- 
hibited, IS  shown  in  the  annexed  figure. 
The  figaie  is  to  be  drawn  on  a  large  scale 
in  aeetate  of  lead,  whieh,  until  aeied  oa-  * 
by  the  aeid,  will  remain  eoloarless,  bat 
whon  a  stream  of  the  gas,  also  invisiblOt 
is  allowed  to  fall  upon  the  still  moist  tmt» 
face,  the  lines  traced  instantly  become' 
black.  The  oxide  of  lead,  one  of  the  in- 
gredients of  the  acetate  of  lead,  yields  its 
oxygen  to  the  hydrogen  of  the  hydrosul- 
plinrtc  acid,  while  the  lead  itself  combines  with  the  sulphur  of  the 
gds  to  form  sulphuret  of  lead,  the  black  colour  of  which  constitutes, 
the  Tisible  lines  of  the  picture.* 

344«  It  is  hiffhly  noxious  to  animal  life  when  respired,  and  it 
has  been  said  that  a  horse  has  been  known  to  perisn  in  air  con* 
tatning  only  ^l^j-  part  of  this  gas*  It  is*  however,  sometimes  em* 
ployed  medicinally,  when  largely  eombined  with  water,  beiutf 
used  in  this  state  for  bathin?,  and  taken  Internally.  Many  minerJ 
8pring|S  derive  their  sensible  qualities  firom  the  hydrosulphnrlo 
gas  with  which  they  are  impregnated. 

345.  Bisulphuret  of  hydrogen^  or  super^sulphureitcd  hydrogtn^ 
cnllpH  also  hydrosuJphurous  acid,  is  a  compound  cnntniiinar  a 
larij"  r  portion  of  sulphur  lhan  tlie  former.  It  is  a  yeilow,  oily 
liquid,  heavier  than  water,  greatly  resembling  in  its  smell  and 
taste  the  solution  of  sulphuretted  hydrogen. 

310.  Sulphur  unites  with  chlorine  to  form  a  volatile  liquid, 
which  exhibits  a  red  colour  when  viewed  by  reflected  light,  and  a 
greenish-yellow  tint  by  tiansmittM  light.  This  eompound  called 

What  are  the  proportimii  of  iti  ingredteata  f 
How  may  its  action  on  a  salt  of  IcMid  be  ptodueed  f 

Describe  the  sympathetic  picluro. 

What  are  the  effects  of  this  acid  on  animal  life? 

In  what  natural  flituations  does  this  gas  occur  f 

Th<  (ii^^nro  hnn  boon  derived  from  Dr.  Hare,  who,  in  his Compendiimi^ 

caliii  iL  ilie  symjHUhetic  picture* 
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chloride  of  sulphur  may  be  foraied  by  passing  a  current  of  chlorine 
through  flowers  of  sulphur,  or  by  heating  the  latter  in  dry  chlorine 
gas.  It  has  a  strong  peculiar  smell,  and  a  hot  acid  taste  ;  but  it 
'  does  not  affect  vegetable  blue  colours  unless  water  be  present, 
•  which  decomposes  it.  It  is  also  decomposed  by  many  other  sub- 
stances ;  bat  it  readily  dissolves  sulphur  and  phosphorus,  and 
holds  them  in  solution.  It  decomposes  ammoma,  and  likewise 
alcohol  and  ether,  and  is  decomposed  by  mercury,  heal  being 
given  out,  solphor  depoaited,  and  chloride  of  meicury  formed. 

B47p  Sulphur  comunea  with  iodine  when  they  are  exposed  to- 
gether to  a  gentle  heat,  and  the  product  ia  a  blacli:  crystalHzabie 
snbstance  named  iodide  of  sulphur.  It  becomes  decomposed  by  a 
degree  of  heat  not  much  beyond  that  required  for  its  formation* 
the  iodine  in  this  case  bein^  driven  off  in  the  form  of  vapour. 

318.  Bromide  of  sulphur  is  produced  when  bromine  and  sulphur 
are  digested  together.  This  compound  is  a  red  liquid,  fuming  when 
exposed  to  air,  which  scarcely  acts  on  paper  tinged  with  litmus, 
unless  moisture  be  present,  when  it  changes  the  blue  colour  to 
red.  It  acts  violently  on  water  at  the  boiling  point,  sulphuretted 
hydrooen  being  gi?en  out,  and  hydfobropie  and  sulphniie  acida 
formea. 

349.  Suipkuref  of  carbon  may  be  obtained  hj  paariog  the  Taponr 
of  aolphnr  through  a  porcelain  tnbe,  containinflr  small  pieces  of 
charcoal,  quite  free  from  moisture,  and  made  red-hot,  placinor  the 
tube  somewhat  inclined  across  a  chafing-dish,  or  by  distilling 
about  six  parts  of  yellow  iron  pyrites  (bisulphuret  of*^  iron)  with 
one  of  charcoal ;  and  the  product  in  either  case  may  bo  suffered  to 
fall  from  the  lower  end  of  the  tube  into  a  jar  of  water,  the  tube  dip- 
ping beneath  its  surface.  The  sulphuret  of  carbon  passing  over 
m  a  state  of  vapour,  will  be  condensed  by  the  water  to  a  liquid,, 
which  may  be  purified  by  redistillation,  at  a  low  temperature,  over 
chloride  of  calcium  (muriate  of  lime.)  The  compound  thus  ob- 
tained is  a  colourless,  transparent  fluid,  with  a  pungent  and  some- 
what aromatic  taste,  but  a  most  nauseons  and  fetid  sm^l.  It  is 
highly  volatile,  boils  at  a  temperature  of  about  106^*  and  has 
never  yet  been  congealed  by  artificial  cold.  Its  specific  gravity 
is  1.973.  From  its  extreme  volatility  it  haa  been  employe  with 
advantage  to  produce  a  very  low  temperature  by  evaporation. 

350.  If  the  bulb  of  a  thermometer  be  covered  witn  lint  wetted 
with  this  liquid,  the  mercury  will  sink  rapidly  from  60^  to  zero 
of  Fahrenheit ;  and  under  the  exhausted  receiver  of  an  air-pump, 
the  temperature  may  be  reduced  even  to  80®  below  zero,  so  that 

How  is  c  hloriile  of  sulphur  obtained  ? 

How  does  sulphur  react  with  iodii^c  ? 

What  ar»  the  properties  of  the  resulting  compound  f 

What  are  the  properties  and  effects  of  Dramide  of  snlpbur? 

How  is  sulphuret  of  carbon  procured  ? 

In  what  state  is  the  sulphured  of  carbon  obtained  ? 

What  am  iti  chemical  propertieif 

Fbr  what  porpose  hat  it  been  empleyed  t 
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mreniy  mj  by  this  means  be  readily  congealed.  Sulphuret  of 
carbon  is  not  soluble  in  water,  but  mixes  with  alcohol  and  ether, 
and  also  with  oils ;  and  it  dissolves  sulphur,  phosphorus,  and 
camphor.  It  is  inflammable,  taking  fire  in  the  air  at  a  low  tem- 
perature, and  burning  with  a  l)]ue  flame;  and  its  combustion  ia 
oxygen  gas  produces  sulphurous  and  carbonic  acids. 

351.  Sulpliiirct  of  phosphorus. — Sulphur  unites  with  phosphorus, 
when  it  is  added  in  small  quantities  to  phosphorus  melted  in  water 
at  a  temprntme  of  about  150^«  It  may  be  also  fosmed  by  Ivsiiig 
together  those  inflammable  bodies  in  an  exhausted  Tessd*  The 
compound  is  a  reddish-brown  erystallisaUe  substance,  which  b^ 
comes  fluid  at  about  40^.  It  does  not  readily  decompose  water, 
but  it  is  more  inflammable  than  phosphorus,  and  may  be  used  lilee 
the  oxide  of  phosphorus  for  iighting  matches* 

Seienium* 

352.  This  is  a  rare  and'  singular  substance,  discovered  within 
the  last  twenty  years,  by  Professor  Berzelius,  while  examining 
sulphuric  acid,  manufactured  from  pyrites  ^sulphuret  of  iron)  pro- 
cured at  Fahlud,  in  Sweden.  Seleoium,  like  sulphur,  is  capable 
of  subsisting  under  the  solid,  liquid,  or  gaseoos  form  i  being  a 
soHd  at  common  temperatures,  and  at  tim  heat  of  above  100^ 
becoming  liquid*  It  was  observed,  that  the  sulphuric  acid  ob- 
tained from  the  pyrites  of  Fabian,  deposited  a  reddish  matter, 
which  in  burning  gave  out  a  particular  smell,  and  which  consisted 
principally  of  sulphur,  having,  however,  mixed  with  it  a  very 
minute  quantity  of  selenium.  This  substance  has  been  since 
found  in  several  of  the  metallic  ores  from  the  Hartz  mines,  and 
among  some  of  the  volcanic  products  of  the  Lipari  Islands  ;  and  in 
England,  in  the  pyrites  of  the  Isle  of  Anglesey. 

353.  The  processes  for  obtaining  it  in  a  pure  state  are  laborious 
and  dinicult,  when  it  is  necessary  to  separate  it  from  the  substances 
with  which  it  is  naturally  found  in  combination ;  but  it  may  be 
most  teadil  V  proenied  by  decomposing  one  of  its  compounds  with 
oxygen  (sdfenic  acid.)  Seleninm  in  the  stals  of  powder  lias  a 
deep  red  colour.  Its  partidee,  when  compressed,  unite ;  and  wfeen 
warm  it  is  very  ductile,  and  may  be  drawn  out  into  fine  tlneads, 
the  colour  of  which  is  red  if  viewed  by  transmitted,  and  gray  by 
reflected  li^ht.  It  boils  at  a  temperature  of  about  600°,  and  Is 
converted  into  a  yellow  vapour,  forming,  when  condensed,  dark 
drops,  which  run  together  like  quicksilver;  and  when  heated  in 
large  vessels,  or  in  the  open  air,  it  forms  a  sublimate  like  flowers 

In  what  liquids  may  it  be  dissolved  f 
What  ate  m  produeii  of  tti  oomboBtion? 

By  what  means  may  sulphur  be  made  to  unite  with  plmphoias? 
When  and  by  whom  was  selenium  discovered  ? 
For  what  purpose  may  this  compound  be  employed  in  the  art*  7 
In  wbit  utoaiion  has  thii  substance  been  ftand  in  natuvst 
Whftt  w  the  colour  of  selenium  f 
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of  sulphur,  tmt  of  s  red  eolovr.  Whsib  heated  in  the  flame  ef  a 
oaadle  by  a  stream  of  air  from  a  blowpipe,  it  yields  a  peculiar  strongs 
smell,  resembling  that  of  horseradish*  It  presents  some  analogies 
with  sulphur,  bat  is  abont  doable  the  specific  gravity  of  that  sub* 

stance,  and  is  a  non-electric,  whence  some  cnemists  have  been 
disposed  to  reckan  it  among  the  metals.  It  differs  from  bodies  of 
that  kind,  hov^ever,  in  being  a  non-conductor  of  electricity,  and  a 
very  imperfect  conductor  of  heat. 

354.  With  oxygen  selenium  forms  at  least  two  compounds,  one 
called  selenious  acid  and  the  other  selenic  acid. 

Selenioua  acid, — When  a  current  of  oxygen  gas  is  passed  over 
selenittm' heated  to  its  boiling-point,  it  bams  with  a  paleblae-' 
green  fiame,  and  this  acid  sablimes,  and  may  be  condensed  if 
received  in  a  oold  Tessel,  forminflf  long,  brilliant,  prismatic 
crystals.  It  has  a  hot,  sour  taste,  and  a  sharp  odonr.  It  dissolves 
in  warm  water,  and  also  in  alcohol.  It  forms  precipitates  in  the 
solutions  of  silver  and  of  lead,  and  combines  in  Tarioos  propoviioiis 
with  several  salifiable  bases. 

355.  Selenic  acid  may  be  obtained  by  dissolving  one  part  of 
selenium  in  three  or  four  parts  of  pure  nitric  acid,  and  the  mixture 
being  boiled,  the  selenium  will  decompose  the  nitric  acid,  and  a 
solution  of  selenic  acid  will  be  formed,  which  may  be  evaporated 
to  dryness  in  a  porcelain  capsule  ;  or  if  the  solution  be  only  con- 
centrated, the  acid  will  crystallize  in  hexaedral  prisms.  Selenic 
acid  has  no  smell,  bat  a  strong  sour  taste.  It  powerfully  attracts 
water,  and  gives  oat  mnch  heat  when  mis^Bd  witK  it.  It  reddens 
Tcgetable  blues,  and  when  exposed  to  heat  it  becomes  Tolatiliaed 
without  decomposition.  When  it  is  boiled  with  muriatic  acid, 
selenious  acid  and  chlorine  are  erolyed,  and  the  selenioHDUfiatio 
acid  which  is  formed  dissolves  gold  in  the  same  manner  with 
the  nitro-muriatic.  Zinc  and  iron  are  dissolved  by  this  acid,  while 
hydrogen  is  given  off;  and  copper  dissolves  with  the  production 
of  selenious  acid.  It  likewise  dissolves  gold,  but  not  platina. 
The  affinity  of  selenic  acid  for  the  salifiable  bases  appears  to  be 

'  littie  inferior  to  that  of  sulphuric  acid  ;  but  the  compounds  it  forms 
with  them  require  further  examination. 

•35G.  Selenium  forms  two  compounds  with  chlorine.  Protochlo' 
ride  of  tekmam^  which  may  be  obtained  by  passing  chlorine  gas 
oyer  ssleninm,  is  a  brown  Hqnid,  heavier  than  water;  and  when 
exposed  to  the  action  of  water,  deeomposition  takes  place,  and 
muriatic  and  selemons  acids  are  formed.  The  protoehlonde  may  be  ' 
changed,  by  the  addition  of  chlorinCt  info  perchloride,  whi<m  is 

How  18  it  effected  by  heat  ? 

How  does  it  oomiNire  with  sulphur  in  speeilic  gravity  f 

How  many  compounds  does  it  form  with  oxygon? 

What  are  the  peculiar  properties  of  seienioua  acid? 

How  is  selenic  acid  obtained  ? 

What  chemical  effect!  does  this  acid  exhibit? 

With  what  metals  does  it  enter  into  combination  ? 

How  many  compounds  does  selenium  form  with  chlorine  ? 

What  ia  the  character  and  compositioa  of  the  protochloride  ? 
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» *  a  white,  solid,  cry  stall  izabie  substance,  A^nuing  with  water  ft. 

colourless  sour  solution. 

357.  Selenium  likewise  combines  with  hydrogfen,  forming"  a 
gaseous  compound  termed  hi/droacltnlc  acidy  or  ^cluiiurf  tUd  hy- 
arogen.  It  may  be  most  readily  obtained  by  dissolving  seleniuret 
of  htm  in  mnriatie  acid.  The  eompcmnd  diaaolves  in  water,  aud 
the  sololion,  which  gmdnallY  aeqoifea  a  reddish  tint,  has  sosm* 
what  the  smell  and  taste  of  sulphuretted  hydrogen :  it  reddens 

'  litmus  paper,  aud  communicates  a  brown  tint  to  the  skin.  Hy- 
droselenic  acid  is  readily  decomposed  by  the  combined  acticm 
of  air  and  water;  and  it  is  therefore  absorbed  by  moist  substanees, 
to  which  it  gives  a  red  colour.  A  thin  mass  of  caoutchouc  may 
thus  be  stained  red  throughout  its  substance.  This  -tfas  acts 
most  injuriously  on  the  mucous  membranes;  and  thertiore  the 
eyps,  nose,  and  trachea,  should  be  carefully  guarded  against  its 
receptiun,  while  making  experiments  on  it,  as  its  operation  is 
not  only  painfully  stimulatiug,  but  might  also  be  productive  of 
serious  misclaef. 

METALLIC  ELEMENTS. 
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358.  The  metals  fonn  in  some  respects  a  heterogeneous  collec- 
tion of  substances :  amon^  them  are  "to  be  found  the  heaviest 
bodies  with  which  we  are  acquainted,  gold  and  platina ;  while,  on 

the  contrary,  potassium  and  sodium  are  inferior  in  specific  gravity 
to  water;  gold,  silver,  platina,  and  palladium,  are  in  the  highest 
degree  malleable  and  dnctile;  but  antimony,  cobalt,  mauganese, 
and  arsenic,  with  some  others,  are  so  brittle  that  they  may  be 
reduced  to  powder  by  percussion.  The  metals  also  differ  greatly 
one  from  another  in  hardness,  colour,  and  capacity  for  yielding 
sound  ;  and  though  they  are  all  conductors  of  heat  eind  electricity, 
they  vary  as  to  their  relative  power  of  conduction.  Mercury,  as 
is  well  known,  is  at*  the  common  temnerature  of  the  atmosphere  a 
liquid,  and  it  requires  a  degree  of  cold  hi  below  that  of  freezinip 
water  to  reduce  it  to  the  solid  state:  platina  haa  the  opposite 
property  of  remaining  solid  when  exposed  to  the  utmost  heat  of  a 
smelting  furnace,  though  it  may  be  fused  by  the  flame  of  an  oxy- 
hydrogen  blowpipe,  or  by  means  of  a  Voltaic  battery. 

359.  Other  metals  display  intermediate  degrees  of  fusibility 
thus  potassium  and  sodium  melt  at  temperatures  below  that  of 
boiling  water,  tin  becomes  fused  at  442°  Fahrenheit,  bismuth  at 
497°,  and  lead  at  612°;  and  an  alloy  composed  of  these  three 
metals  in  certain  proportions,  dissolves  at  the  boiling-point  of 
water.    It  appears  probable  tiiai  bxlver  melts  at  2194°,  gold  at 

What  oompomid  may  selenium  produce  with  hydrogen f 
How  is  it  obtained,  and  what  are  its  characters? 
What  effects  does  it  produce  on  the  animal  system? 
What  diversities  in  character  are  found  among  the  metals  ? 
What  are  aone  of  the  striking  divereitieB  in  the  melting  points  ef  difi^ 
entmetalsf 
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2590®,  copper  at  2842®,  cast  iron  at  3080°,  and,  according  to  MM. 
Clement  and  Desormes,  soft  or  pure  iron  at  3945°,*  but  these 
last  estfmates  are  rendered  somewhat  questionable  by  the  difficulty 
of  measuring  the  temperature  of  intensely  heated  bodies; 

^  360«  As  to  their  deeidedly  chendesl  properties^  the  metals  ex* 
hibit  much  direTsity.  All  of  them  are  capable  of  entering  into 
combination  with  oxygen,  chlorine,  and  sulphur;  bnt  in  tlieir 
respective  modes  of  action,  and  the  resalts  of  their  several  affini- 
ties for  those  bodies,  they  manifest  as  mnch  contraries  as  with 
regard  to  their  physical  properties. 

361.  Some  metals  have  so  strong  an  attraction  for  oxygen  that 
they  decompose  water  at  all  temperatures,  and  become  oxidated 
by  mere  exposure  to  atmospheric  air,  as  is  the  case  with  potas- 
isium,  sodium,  and  calcium  ;  others  decompose  water  but  slowly, 
except  at  a  red  heat,  as  mangaaese^  zinc,  and  iron.   1  here  are 

With  what  hodiet  do  all  Ihe  metals  eomblne  f 

What  eireamttanoes  vaiy  in  their  nspeetlve  modei  of  oombinhigf 

♦  The  melting  points  of  silver,  copper,  and  cast  iron,  are  given  from  ex- 
periments with  the  steam  pyrometer.  For  other  temperatures, see  Scientifie 
Class  Book,  pt  i.  p.  299,  in  which  Mr.  Danicll's  first  tie  terminations  are 
given.  His  more  recent  experimenls  were,  we  conceive,  liable  to  objection 
from  the  imperfect  exposure  of  his  pyrometer  to  the  melted  mass.  By 
thoie  «iperimenla,  however,  he  has  given  the  melting  |)oiiit  of  nlver  1873^» 
instead  of  2233^,  as  at  first  published ;  while  Mr.  Prinsep,  by  means  of  a 
gold  bulb  air  thermometer,  obtained  (as  he  supposed)  from  a  mean  of  8  ex- 
periments, the  temperature  of  1825^  for  the  melting  point  of  silver,  but  the 
inerea>ing  rate  of  expansion  in  his  gold  bulhcoald  not  be  correctly  allowed 
lhr,and  he  moreover  applies  an  erroneoui  principle  to  calculate  the  tern* 

Cernture  of  the  expanded  air  ;  the  latter  may  be  corrected.  Then  one  of 
is  experiments,  his  25th,  whirh  he  terms  a  silver  melting-heat,"  gives 
81A5^.  The  highest  of  Mr.  Prinseo's  8  experiments  on  which  he  reliet, 
gives,  according  to  his  method  of  caleolating,  1958°,  and  the  lowest  1718^; 
wliilo  of  three  others  which  he  rejects,  withonl,  it  is  believed,  assigning 
any  adequate  cause  for  the  discrepancy,  the  higliest  gave  2358*^  and  tho 
lowest  2104".  The  number  assigned  in  the  text  as  the  meltinf  point  of 
•ilver,  is  the  mean  of  Jour  oonMcntrre  eiperiments,  carefully  made  with  the 
steam  pyrometer,  Aug.  86.  1834»  the  highest  reenlt  heing  8293,  and  the 
lowest  2140  degrees. 
Hence  it  appears  that  the  difference  between  Mr.  Daniell's  first 

and  hif  Moona  determination  ii  ••  •  MO 

Between  Mr.  Prinsep's,  in  hiindqpCsd  ierie«»  it  ie  •   240^ 

In  his  rejerfed series  itself   •••••••   254° 

Between  his  very  highest  and  very  lowest   640° 

In  the  leriet  witn  die  steam  pyrometer  above  felhrred  to  193^' 

In  a  series  of  three  experimenti  n^fected  •  118^ 

In  all  theee  obtained  by  the  lama  imtrument  including  the  re- 
jected  ....  «.•«.. .... .... .... ....  896^ 

Bringing  together  the  determinations. 

The  first  of  Mr.  Danieirs  ti   8888» 

Mr.  Prinsep's  '25th  experiment,  Mghtly  caleolated,  but  without 

allowance  for  the  expansion  of  gold    2155° 

Mean  of  4  experiments  with  steam  pyrometer    2194^ 


Mean  af  these  3  eete 
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seyeral  others*  ioclading  areeaic,  biunuUi,  copper*  and  cobalt, 
niiieh  m  ineapeble  of  deeompoKDg  water  at  any  tempeiatiney 
Irat  they  abaoib  <aygeQ  from  tM  air  whea  atrongly  baat^*  Mar* 
eorjv  leadf  alckak  and  osmiamf  do  not  decompose  water,  bat  be- 
•onio  (undated  at  certain  temperatures ;  and  when  their  oxides  are 
more  iateaaely  heated,  they  are  partially  or  wholly  reduced  to  the 
metallic  state.  And  there  is  yet  another  class  of  metals,  which 
neither  abstract  oxygen  from  air  or  water  at  any  temperature,  as 
platina,  gold,  silver,  and  palladium;  and  which,  when  their  oxi- 
dation has  heen  effected  indirectly  by  means  of  certain  acids,  are 
reduced  to  the  metallic  state  at  a  heat  below  redness. 

362.  The  method  of  classification  proposed  by  Professor  Ber- 
zelius,  drawn  from  the  electro-negraiive  and  electro-positive  pro- 
perties of  the  metals  respectively,  when  it  becomes  completely  de- 
Teloped,  will  present  the  greatest  adTantages ;  and  it  has  alieadr 
been  applied  to  the  arrangement  of  native  mineral  eomponndla 
with  gmt  SQoceee,  eontribnting  much  to  the  elucidatioa  m  their 
mature,  and  fheirxriations  to  various  other  bodies. 

363.  Connected  with  this  distinction  of  the  metals  into  those 
which  are  eleetro-negative  and  those  which  are  electro-positive, 
is  that  which  may  be  deduced  from  the  character  of  their  com- 
pounds. The  electro-negative  metallic  bodies,  arsenic,  tellurium, 
vanadium,  and  others,  when  united  with  a  relatively  large  propor- 
tion of  oxygen,  constitute  bodies  which  display  the  general  pro- 
perties of  acids,  forming  sur-compounds,  (salts,)  with  metallic 
oxides.  Among  the  electro-positive  metals,  are  those  whose  com- 
binations with  oxygen  most  decidedly  act  the  part  of  bases  m  th& 
formation  of  salts.  Hence  all  Uie  metals  now  known  may  be 
distributed  into  three  classes :  1.  Those  which  fonn  acids  with 
oxygen,  namely,  arsenic,  antimony,  eolombium,  titaninm,  chrome, 
molybdenum  tellurium,  tungsten,  vanadium,  uranium,  manga- 
nese, cobalt,  and  tin*  9.  The  metallic  bases  of  the  allmlies  and 
earths,  potassium,  sodium,  lithium,  bar]niin,  calcium,  strontiumt 
magnesium,  aluminum,  zirconium,  glucinum,  yttrium  or  ittrium, 
and  thorium.  3.  Those  metals  whose  combinations  with  oxygen 
are  not  regarded  as  acids,  alkalies,  or  earths,  namely,  iron,  nickel, 
zinc,  cadmium,  cerium,  lead,  copper,  bismuth,  mercury,  silver, 
gold,  platina,  palladium,  rhodium,  iridium,  and  osmium. 

364.  This  is  to  be  considered  as  only  a  provisional  arrangement, 
admitting  of  alteration  to  suit  it  to  the  future  progress  of  disco- 
very* Some  of  the  metals  of  the  third  class,  perhaps,  ought  even 
now  to  be  transferred  to  the  first,  as  gold,  the  peroxide  of  whieh 
is  capable  of  combination  with  barytes,  and  has  therefoie  by  soBie 

What  eiamplss  occur  amonf  the  metals  in  which  they  become  oxidised 

at  certain  temporaturos,  but  give  up  tlioir  oxygen  nt  hitrher  poinlsl 

What  distinction  of  the  metals  has  beeti  made  by  Berzelins  ? 

What  distinction  of  them  is  founded  vu  the  character  uf  their  com* 
pounds  f  What  metab  form  acids  with  oxygen  I 

What  ones  form  earths  and  alkalies? 

What  are  tkoee  which  with  oxygen  simply  ibrm  oxides  ? 
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been  styled  auric  acid.  The  distinction  between  some  of  the 
metals  of  the  second  and  third  classes  also  is  but  inconsiderable. 
The  characters  of  the  bodies  in  the  first  and  second  classes  are 
Bulficiently  contrasted ;  aod  itli  noi  improbable  that  those  of  the 
third  class  may  be  nltiiiiately  found  to  oei^eiable  to  one  or  other 
of  the  fonner  classes. 


365.  Binary  Combinations  of  the  Metallic  Elements  of  the  First  Clam 
with  Oxygm^  Sulphur^  and  9omc  other  Non^meMk  EUmtnU. 

Arsenic. 

Arsenious  acid,  2  Ars.  3  Ox. 

Arsenic  acid,  2  Ars.  5  Ox* 

Arseniuretted  hydrogen. 

Red  sulphnret  of  A.,  (Realgar,)  2  Ars.  2  S. 

Yellow  sulphuret  of  A.  (Orpiment,)  2  Ars.  3  S. 

Persulphuret  of  A.,  2  Ars.  5  S« 

Chloride  of  A*,  ft  Ars.  a  Gb« 

Perchloride  of  A«,  S  Ais.  5  Clu 

Antimony. 

Oxide  of  A.,  9  Ant  3  Ox. 
Antimoniotts  acid«  S  Ant*  4  Ox. 
Antimonic  acid,  3  Ant.  5  Ox. 
Subsulphnret  of  A.,  2  Ant.,  3  8, 
Sulphuret  of  A.,  2  Ant.  4  S. 
Persulphuret  of  A.,  2  Ant.  5  S. 
Subchloride  of  A.,  2  Ant.  3  Ch. 
Chloride  of  A.,  2  Ant.  4  Ch. 
Perchloride  of  A.,  2  Ant,  5  Ch. 

Colurabium. 

Oxideof  C,  1  Col.  2  Ox.  , 
Columbic  acid,  1  Col.  3  Ox. 
Sulphuret  of  C,  1  Col.  3  S. 
Chloride  of  C,  1  Col.  3  Ch^ 

Tituiutn. 

Oxide  of  T. 

Titanic  acid,.!  Tit  9  Ox. 
Salphofet  of  T.,  1  Tit  9  S. 
Chloride  of  T.,  1  Tit  9  Ch. 


How  far  may  this  distinction  be  considered  permanent? 
Repeat  die  liit  of  metallie  elemeiMsef  the  fint  class. 
Name  the  seveml  compounds  of  arsenic  I— of  antimony  7 
What  are  the  aamee  and  oonitituentsof  die  eompounos  of  oolumlnnmf 
of  tttaniumf 

M  2 
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Oxide  of  C,  9  Chr.  3  Ox. 
Dentoxide  of      1  Chr.  9  Ox 
Chromie  acid,  1  Chr.  3  Ox. 
Sulphaiet  of  C. 

Molybdenum. 

Oxide  of  M.,  1  Mol.  1  Ox. 
Peroxide  of  M.,  1  Mol.  2  Ox. 
Molybdic  acid,  1  Mol.  3  Ox. 
Sulphuret  of  M. 
Chloride  of  M.,  1  Mol.  1  Ch. 
Bichloride  of  M.,  1  Mol.  2  Ch. 
Perchloride  of  M.,  1  Mol.  3  Ch. 


TettoRMis  add,  1  TU.  9  Ox. 
Tellurie  add,  1  Td.  3  Ox. 

Telluret  of  hydrogen,  1  Tel.  1  H. 
Sulphuret  of  T.,  1  Tel.  2  S. 
Persulphuret  of  T.,  1  Tel.  3  S. 
Chloride  of  T.,  1  Tel.  I  Ch. 
Bichloride  of  T.,  1  Td.  3  Ch. 

Tungsten. 

Oxide  of  tungsten,  1  Tun.  2.  Ox. 


Sulphuret  of  T.,  1  Tun.  2  S. 
Patsalpharet  of  T.,  1  Ton.  3  8. 
Chloride  of  T.,  1  Tan.  9  Ch. 
Perchloride  of  T.,  1  Tan.  3  Ch. 

Vanadium. 

Oxide  of  v.,  1  V.  1  Ox. 
Peroxide  of  v.,  1  V.  2  pjs. 

Vanadic  acid,  1  V.  3  Ox. 
Sulphuret  of  V.,  1  V.  2  S. 
Persulphuret  of  V.,  1  V.  3  S. 
Chloride  of  V.,  1  V.  2  Ch. 
Perchloride  of  V.,  1  V,  3  Ch. 

Uranium. 

Oxide  of  U.,  1  U.  1  Ox. 
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ft. 

Manganese. 

ri  Man.  1  Ox. 

I  1  Man.  2  Ox. 
Oxides  of       2  Man.  3  Ox. 

]  3  Man.  4  Ox. 

L4  Man.  7  Ox. 
Manganeseona  aeidt  1  Man.  3  Ox» 
Manganesic  acid,  3  Man.  7.  Ox« 
Chloride  of  M.,  1  Man.  1  Ch. 
Perchloride  of  M. 
Sulphuiet  of  M.,  1  Man.  1  S. 

Cobalt. 

Oxide  of  C,  I  Cob.  1  Ox. 
Peroxide  of  C,  2  Cob.  3  Ox. 
Coballic  acid,  1  Cob.  3  Ox. 
.  Chloride  of  C,  1  Cob.  1  Ch. 
Sulphuret  of  C,  1  Cob.  1  S. 
Persuiphuret  of  C,  1  Cob.  2  S. 

Tim 

Oxide  of  T.,  1  Tn.  1  Ox. 

Stannic  acid,  or")  ,  rp„  ^  ^ 
Peroxide  of  T.  y  Ad.  JUx. 

Hemichloride  of  T.,  2  Tn.  1  Ch. 
Chloride  of  T.,  1  Tn.  1  Ch. 
Bichloride  of  T.,  1  Tn.  2  Ch 
Sulphuret  of  T.,  1  Tn.  1  S. 
Bisulphuret  of  T.,  1  Tn.  2  S. 
Phosphiiret  of  T.,  3  Tn.  2  Ph. 

366*  dffffOite^The  anbatance  popularly  known  undar  the  deaif^ 
nation  of  arseniCy  ia  the  araeniona  actd^  one  of  the  eomponnda  of  the 
metal  with  oxygen.  In  the  metallic  or  uncombined  state  arsenic  is 

of  a  grayish-white  colour,  shining  brightly  when  untarnished  ;  but 
as  it  readily  attracts  oxygen  from  the  air,  its  surface  soon  becomes 
dull  when  exposed  to  it;  but  it  will  retain  its  lustre  if  kept  under 
water  or  alcohol.  It  is  moderately  hard,  and  very  brittle.  Arsenic 
fuses  readily,  and  becomes  volatilized  if  heated  in  a  close  vessel 
to  about  360^.  When  thrown  on  a  red-hot  iron,  or  otherwise 
heated  in  contact  with  atmospheric  air,  it  burns  with  a  blue  flame, 
aubliminff  in  the  form  of  a  white  vapour,  having  an  odour  like 
gaiUe.  The  anbUmales  when  cooled,  cryatalli&ee  in  oelBedxona« 
eonaiating  of  aiaeniona  acid,  foimerly  called  white  oxide  of 
areenic. 

1367.  This  enbstanee^  well  known  as  a  moat  viralent  poiaonf 

What  afe  the  names  and  constituenta  of  the  oompounds  of  manganese  ff 

Ofcobalt?— 6f  tin? 

What  is  the  true  chemical  nature  of  white  armiet 
What  are  the  propertiei  of  metallic  ai^nic  f 
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fenenlly  occqts  in  the  state  of  a  oompaet  saline  mass,  or  hearj 
white  powder.  It  is  very  sparinffly  dissolved  by  cold  water ;  het 
100  parts  of  the  boiling  water  wiU  dissolve  7.77  parts  of  the-acidf 
more  than  half  of  which  lemains  suspendrd  afiter  the  liauid  be* 
comes  cool.  The  arsenie  acid«  which  is  a  deliauesoent,  colourless 
substance,  is  also  poisonous.  Arspniureitt  d  hydro^n  is  a  strongly 
poisonous,  inflammable  ^s.  Both  the  sulphurets  of  arsenic  oc- 
cur as  native  minerals.  Arsenic  becomes  inflamed  when  introduced 
in  a  divided  state  into  chlorine  gas,  and  bums  with  great  splendour. 

368.  Antimony, — What  is  tenned  crude  antimony  in  commerce 
is  the  sulphuret  of  this  metal,  which  is  found  in  the  native  state. 
Metallic  antimony  is  a  shining,  hard,  and  brittle  substance,  some- 
what the  colour  of  silver.  It  has  a  laminated  and  imperfectly 
crystalline  texture.  When  exposed  to  the  air  it  loses  its  lustre, 
but  is  otherwise  little  altered.  If  nibbed  on  the  fingers,  it  gives 
out  a  peculiar  smell  and  taste.  It  liecomes  fused  at  810^,  and 
sublimes  in  a  white  heat,  combining  with  oiqrgen.  The  powdered 
metal  takes  fire  when  thrown  into  chlorine  gas,  and  bums  with  a 
bright  white  flame.  The  product  is  a  liquid,  which  becomes  con- 
crete nt  oonimon  temperatures,  constituting  the  chloride,  formerly 
named,  trom  its  consistence,  butler  of  antimony.  The  perchloride 
is  a  volatile,  transparent,  fuming  liquid.  Several  preparations  of 
this  metal  are  used  in  medicine,  of  which  the  best  known  and 
most  valuable  is  emetic  tartar,  or  antimoniated  tartrate  of  potash. 

369.  Columbium, — This  is  a  dark  gray  metal,  very  diificult  of 
fusion,  and  extremely  hard  and  brittle.  It  is  not  altered  by  ex- 
posure to  tlie  air;  but  it  bums  at  a  red  heat,  forming  a  whitish 
oxide.  It  is  scarcely  at  all  soluble  in  any  of  the  acids  except  the 
fluoric,  in  wluch  it  dissolves  with  the  erolution  of  heat,  and  the 
disengagement  of  hydrogen  gas. 

370.  Titanium, — Dr.  WoTlaston  found  this  metal  in  the  slagf 
of  an  iron  furnace  at  Merthyr  Tydvil,  in  South  Wales,  in  the  state 
of  small  cubic  crystals,  of  a  red  or  copper  colour,  and  so  hard  as 
to  scratch  rock  crystal.  It  is  infusible  by  a  common  blowpipe, 
but  becomes  oxidated  by  continued  heat,  a  purple  film  forming  on 
its  surface.  No  acid  acts  on  it ;  but  if  it  he  heated  with  nitre, 
oxidation  readily  takes  place.  The  oxide  of  titanium  has  been 
used  for  painting  on  porcelain. 

What  Ibnn  haa  the  poiioiious  componiid  when  oryataUiaod  f 

In  what  proix)riion  is  it  soluble  in  boiling  water? 
How  does  metallic  arsenic  react  with  chlorine  ? 
Jn  what  form  is  antimony  found  in  commerce  ? 
What  ate  die  eharaderi  of  true  metallic  antimony ! 

At  what  heat  does  it  sublime  t 
Wliat  is  butter  of  antimony? 

For  what  purpose  is  antimony  employed  in  medicine  and  in  what  form? 

What  are  the  exterior  appearances  of  columbium  f 

How  is  it  afieoted  by  air  and  heat  ? 

What  solvent  can  act  upon  this  metal  ? 

Where  and  by  whoiii  was  titanium  Uiscoverad  t 

State  iti  ehemifial  ehaiaiatarai^  lelatioDa. 
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971.  CSbroNM^  or  €krwmim^TluM  metal  obtained  itofunnefiron 
tbe  Taried  colom  oi  its  ealto**  It  Is  a  white  aad  yery  brittle  metal, 
auaceptible  <i£  a  higl^  polish,  and,  according  to  Richter,  sligrhtly 
magaetic.  It  can  be  fused  but  imperfectly  at  a  very  high  tempera- 
ture. No  acids  appear  to  act  on  it  except  the  fluoric,  which  dis- 
solves it  readily.  When  hentnd  with  nitre  it  combines  with  oxy- 
gen, forminof  fhromic  acid.  This  acid  is  of  a  deep  red  colour; 
and  the  oxide  of  chrome  exhibits  a  green  colour.  Some  of  the 
coloured  gems  owe  their  beautiful  tints  to  this  metal ;  and  it  fur- 
nishes some  fine  pigments  for  enamel  paintincr  and  calico-printing.  ' 

372.  Molybdenum^ — ^This  metal  is  said  to  have  been  obtained  in 
the  state  of  small  grains,  of  a  brittle  texture,  and  of  a  light  gray 
eolour ;  but  it  may  be  questioned  whether  it  has  undergone  pei^ 
lect  reduction,  aa  it  is  exceedingly  difficult  of  fusion*  When 
heated  in  contact  with  oxygen  gas,  or  atmospheric  air,  it  becomes 
converted  into  a  white  crystalline  sublimatei  which  is  the  molyb* 
die  acid. 

373.  Tellurium, — ^This  is  one  of  the  most  important  of  the 
acidifiable  metals,  the  nature  and  properties  of  which  have  been 
illustrated  by  the  elaborate  researches  of  Berzelius.f  The  metal 
is  of  a  bright  gray  colour,  and  has  a  foliated  texture:  it  is  brittle, 
readily  fusible,  and  very  volatile.  When  heated  to  full  redness 
in  a  close  vessel,  it  sublimes  in  the  form  of  a  yellow  gas,  which 
condenses  in  drops,  and  becomes  crystallized  on  cooling.  The 
smell  of  its  vapour  is  peculiar,  slightly  resembling  that  of  sele- 
ninn.^:  TeUsnnm  is  soluble  in  the  mtnc  and  tiie  nitKwnnriatie 
acida.  Its  combination  with  oxygen  in  the  proportion  of  1  T.-h^ 
Ox.  forms  an  acid  capable  of  existing  In  two  states,  the  tellurons 
acid  and  the  paratellurous  acid  ;  and  the  compound  of  1  T.4-3  Ox* 
has  corresponding  properties,  forming  the  telluric  and  the  para- 
telluric  acids. $  The  combination  of  tellurium  with  hydrogen  is 
a  gas,  which,  like  sulphuretted  hydrogen,  manifests  the  properties 
of  an  acid. 

374.  Tungsten, — This  metal  is  distinguished  for  its  specific  gra- 
vity, being  about  17^  that  of  water.  It  is  of  an  iron-gray  colour,  very 
hard,  brittle,  and  difficult  effusion.  When  heated  in  atmospheric 

Whfnco  doos  chromium  derive  its  nanef 

What  is  its  appearance? 

How  is  chromic  add  produced  ?  *  . 

For  what  purposes  »  it  employed  in  the  arts  ? 

What  change  have  chemists  been  able  to  produce  Ott molybdenum f 

For  what  properties  is  tellurium  distinguished? 

In  what  substances  is  it  soluble  ? 

By  whet  eireomstenee  is  tnngsten  distinguiriied  f 

*  From  the  Greek  Xpoyfiapcolour. 

t  See  Johnston  on  Chemistry  in  Report  of  British  Association,  1832,  p. 
471. 

t  Id.  p.  472.  The, odour  hf  this  metal,  or  rather  of  the  vapour  of  tellii* 
rous  acid,  has  been  compared  with  that  of  ladiihee.  Sea  Children's  EmBf 
on  Chemical  Analysis,  p.  67. 

$  Id.  pp.  472, 47a 
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air,  it  eombines  with  oanrgon  to  fonn  tanggtie  oxide,  m  krown  or 
chocolate-coloured  powder.   This  oxide  exposed  to  a  red  heal, 

and  agitated  in  an  open  vessel,  absorbs  more  oxyf^en,  and  becomes 
tiing^tic  acid,  which  is  a  yellow  powder,  but  acquires  n  gnwwisii 
hue  by  long  exposure  to  the  rays  of  the  sun. 

375.  Vanadium. — The  properties  of  this  metal  most  nearly  cor- 
respond with  those  of  chronne,  and  in  a  naiural  arrangement  of 
the  metallic  elements,  it  mijjht  be  placed  between  chrome  and 
molybdenum.  In  colour  and  lustre  it  resembles  the  latter  me- 
tal. It  is  characterized  by  giving,  in  the  form  of  an  oxide, 
blue  salts  with  acids ;  with  oxygen  fonniDg  a  pecaliar  add, 
which  fuses  at  a  red  heat  without  decompoeitioe,  and  od  coo1« 
ing  is  reddish-brown  and  erjrstalllne*  and  whldi  gives  wBh 
bases  colourless  neutral  and  orange^oloured  acid  salts.  Befi>ra 
the  blowpipe  it  behaves  itself  like  chromium,  with  this  ofaarae* 
teristic  difference,  that  the  green  colour  with  borax  can  in  the  oxi- 
dizing flame  be  changed  into  a  pale  yellow.* 

376.  Uranium, — Tliis  metal  is  of  a  grayish -brown  colour,  pos- 
sessing considerable  lustre,  brittle,  anavery  difficult  effusion.  It  . 
does  not  tarnish  in  the  air  at  common  temperatures,  but  when 
made  red-hot  in  an  open  vessel,  it  becomes  oxidated,  forming  a 
dark  green  or  blackish  powder.  The  compound  of  2  U.-|-  3  Ox., 
Is  a  yellow  powder,  used  in  painting  porcelain,  and  which  acts  as 
an  acid,  forming  a  salt  with  barrtes. 

377.  Manganeie^ThiB  metal  in  some  of  its  properties,  resem- 
bles iron.  It  may  be  obtained  by  exposing  the  blaek  oxide,  with 
charcoal  powder  and  oil,  to  a  most  intense  heat  in  a  wind  furnace^ 
and  the  metal  will  then  be  found  in  small  globules,  or  in  the  foroa 
of  an  imperfect  button,  at  the  bottom  of  the  crucible.  It  is  of  a 
dusky-whitish  colour,  and  finely  granular  texture,  softer  than  cast 
iron,  and  very  brittle.  It  is  difficult  of  fusion,  and  is  readily  acted 
on  by  the  air,  tarnishing,  and  at  length  crumbling  into  a  brown  . 
powder.  "When  heated  in  oxygen  gas,  it  undergoes  combustion, 
and  it  decomposes  the  vapour  of  water  at  a  red  heat.  The  per- 
oxide, 1  M.4-2  Ox.,  from  its  colour  styled  black  oxide  of  manga- 
nese, is  frequently  found  native,  and  is  the  general  source  from 
which  the  metal  and  its  compounds  are  procuredl  No  change  is 
produced  on  it  by  exposure  to  the  air,  hut  the  Tsriety  of  nativo 
oxide,  called  blacx  wad,  has  the  property  of  spontaneous  inflam- 

What  compounds  of  this  substance  are  formed  with  oiygenf 

To  what  metals  is  vanadium  most  nearly  related  ? 

What  two  Species  of  compounds  does  it  Ibrm  with  oxygen  f 

What  is  the  colour  of  uranium  ? 

What  cuiupound  of  this  metal  is  employed^  the  arts  and  for  what  pur 
pose  ? 

How  is  manganese  procured  ? 

What  cfTcct  has  air  on  this  metal  ? 

What  iogredient  does  manganese  derive  from  water  ? 


See  Johnston's  Rep.  on  jChem.,  p.  469. 
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mation,  when  well  dried,  and  kneeded  with  linseed  oil.  It  is  in- 
soluble in  water,  and  does  not  combine  with  acids  or  alkalies  ;  but 
such  acids  as  appear  to  didsolye  it,  reduce  it  to  the  state  of  protox- 
idft)  Willi  wtiioh  nits  are  fanned. 

378.  When  the  peroxide  of  manganeee  is  mixed  with  an  equal 
weight  of  nitrate  of  potash,  and  exposed  to  a  red  heat,  a  greeii 
BMSB  is  obtained,  which  being  put  into  water,  furnishes  a  solution, 
the  colour  of  which  successiTely  becomes  ^een,  blue,  purplet 'end 
fed,  and  ultimately  disappears  entirely ;  whence  it  has  been  called 
the  chamelion  mineral.  The  experiment  may  be  varied  by  putting' 
equal  quantities  of  the  mixture  of  the  peroxide  and  nitre  into  two 
ghisses,  and  pouring  on  one  hot,  and  on  the  other  cold  water,  when 
the  former  solution  will  exhibit  a  fine  green  colour,  and  the  latter 
a  deep  purple,  and  the  shades  will  vary  with  the  alteration  of 
temperature.* 

379.  CMU^ — ^The  metallie  nature  of  this  substance  was  first 
recognized  siboiit  one  hundred  years  ago,  bat  its  oxide  has  been 
used  in  making  cdonred  ffkss  since  1540.  Cobalt  is  of  a  red- 
dish-gray colour,  and  a  fiorous  or  laminated  texture,  brittle,  and 
dtfllcultly  fusible.  Lilce  iron  and  nickel,  it  may  l>e  rendered  magi- 
netic.  Neither  air  nor  water  acts  on  it  at  a  low  temperature,  but 
when  heated  to  redness  in  an  open  vessel,  it  forms  an  oxide  of  a 
very  deep  blue  colour,  and  if  the  heal  be  intense,  the  metal  takes 
fire  and  burns  with  a  red  flame.  The  chloride  of  cobalt,  combined 
with  water,  forms  Hellot's  sympathetic  ink,  which  may  be  pre- 
pared by  difresting  the  oxide  of  this  metal  in  muriatic  acid,  and 
adding  water  till  the  liquid  becomes  of  a  pale  rose  colour.  Any 
thing  written  on  paper  with  a  clean  pen  dipped  in  this  solution, 
will  be  invisible  till  it  is  slightly  heatedt  when  the  writing  will 
appear  of  a  bright  green  tint,  which  Tanishes  as  the  paper  cods* 
and  may  be  renewed  at  pleasure ;  but  if  once  strongly  heated,  the 
chaisislers  become  permanent.  Acetate  of  cobalt  (uie  salt  formed 
by  oxide  of  cobalt  and  acetic  acid)  dissolved  in  water  constitutes 
an  excellent  sjrmpathetic  ink,  which  maybe  used  like  the  preced- 
ing; but  it  gives  to  paper  a  beautiful  azure  instead  of  a  green 
tint  when  heated.  The  oxide  of  cobalt,  in  combinations  with  si- 
licic acid  and  potash,  forms  smalt,  and  other  blue  pigments  used 
in  the  arts. 

380.  Tin, — This  is  one  of  the  metals  which  appear  to  have 
been  known  to  the  ancient  Greeks  and  Romans,  who  obtained  it 

What  iaihe  nature  of  the  action  of  aeidi  on  the  Uscfc  oside  of  wbo^ 

aese? 

How  ia  chameleon  mineral  obtained  ? 

How  may  the  influence  of  temperature  on  chemical  efiectsbe  illustrated 
by  this  substance  ? 

How  long  has  cobalt  been  known  as  a  metal  ? 
What  temperature  iisiaecossary  to  effect  its  combustion? 
What  is  the  compofiitiun  aiiU  use  uf  Hellot'H  uymputhetic  ink  ? 
WliBt  other  compoaml  of  cobelt  produoea  anuhur  efleeiaf 


*  See  Johnston's  Aep.  on  Chem.,  pp.  477, 483 
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from  Spain  and  Britain.  Its  general  appearance  is  well  known, 
tin-plate,  eomistiDg  of  skeelt  of  inm  foibed  with  tin,  being  used 
for  a  niQltipUcitj  of  purposes ;  and  ttnfeilv  OeaMn,)  employed 
to  line  tea<hefttSy  ana  wrap  up  artieles  whi<m  nanire  to  be  pio* 
teeted  from  the  air*  Tin  is  not  rery  hard  nor  ductile,  but  ez- 
tmnety  malleable ;  and  when  sheet-tin  is  bent  suddenly,  it  emits  a 
peculiar  sound,  called  by  the  French  crt  d^/fatn :  this  metal  has  also 
a  characteristic  odour,  and  a  faint  but  disaorreeable  taste.  It  is 
not  affected  by  water  at  common  temperatures,  but  becomes 
tarnished  by  exposure  to  the  air.  If  steam  be  passed  over  tin 
heated  to  redness,  it  deconriposes  the  water,  absorbino"  oxytren, 
and  the  hydrogen  is.given  ofi  in  the  gaseous  state.  The  compound 
of  1  T*  '+  30x.,  called  peroxide  of  tin,  ie  capable  of  conbtnatioa 
wiUi  alkaliea»  thna  manifesting  the  properties  of  an  aoid*  When 
fnsed  witii  glaesi  it  fonns  a  mi&-white  enamelf  nsefiil  for  technkal 
purpbses.  * 

^1.  The  substance  called  in  commeree  tin  pnttyf  is  aaimpaie 
oxide  of  tin.  This  metal  bums  in  oxygen  gas,  when  heated 
below  its  fusinor-point,  and  it  is  soluble  in  the  sulphuric,  nitric, 
and  muriatic  acids.  Bichloride  of  tin  is  a  colourless  liquid,  called 
the  fuminpr  liquor  of  Libavius,  from  its  alleged  discoverer,  a 
chemist  of  the  seventeenth  century.  Combinations  of  tin  with 
chlorine  are  used  in  dying  and  calico-printing,  and  with  the  solu- 
tion of  gold  in  nitro-muriatic  acid,  to  form  tno  purple  powder  of 
eaasios,  a  pij^ment  employed  in  ornamenting  poveelaMi*  The 
bisalphniet  of  tin  is  a  substance  of  a  shining  yeuow  eoloorv  and  m 
flaky  structure,  wliich  was  fonneklj  called  Mosaic  gold  (Jurmm 
Muiimun*) 

Binarjf  CmMnaium  of  the  MOailie  Elements  of  tk^  Seemd  Ckm 

with  Oxjfgen  and  Chkrinu. 

Potassium. 

Protoxide  of  P.,  (potash,)  1  Pm.  X  Ox. 
Peroxide  of  P.,  1  Pm.  3  Ox. 
Chloride  of  P.,  1  Pm.  1  Ch. 

Sodiam. 

Protoxide  of  S.,  (soda,)  1  Sod.  I'Ox* 

Peroxide  of  S.,  1  Sod.  2  Ox. 

Chloride  of     (marine  salt,)  1  Sod.  1  Ch. 

What  properties  does  tin  posseti  in  a  high  degree  f 

IIow  does  it  react  on  the  vapour  of  water? 
What  compound  of  tin  roanifests  acid  properties  t 
What  is  meant  by  tin  putty  ? 

What  peculiar  characters  has  the  perehUnide  of  tin  t 

What  was  it  formerly  called  ?  ^- 


What  ifl  the  nature  of  Mosaic  gold  ? 
Repeat  ilie  list  of  metalUe  elements  of  i^ie  seoood  class. 
What  uo  tiie  eonqpouaii  IbnMd  witii  psiaaniiml-Hfv^ 
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LithiiiiD. 

Oxide  of  L.,  (lithia,)  1  L.  1  Ox. 
GUoridaofL,  IL.  1  Ch. 

BaiyoiD. 

Protoxide  of  B.,  (barytes,)  1  B.  1  Ox. 
Peroxide  of  B.,  1  B.  2  Ox. 
Cliloride  of  B.,  1  B.  1  Ch. 

Calcium. 

Protoxide  of  C,  (lime,)  1  Cal.  1  Ox- 
Peroxide  of  C,  1  Cal.  2  Ox. 
V Chloride  of  C,  (muriate  of  lime,}  1  Cal.  1  Ch. 

Strontium. 

Protoxide  of  S.,  (atrontia,)  1  8tr.  1  Oj^. 
Peroxide  of  S»»  1  Str.S  Ox. 
Chlofide  of  8.,  1  Str.  1  Ch. 

Magnesium. 

Oxide  of  Mm  (magnesia,)  1  Mag.  1  Ox. 
Chloride  of  M.,  1  Mag.  1  C|i* 

Aluminum. 

Oxide  of  A.,  (alumina,)  2  Al.  3  Ox. 
Chloride  of  iL,  8  Al.  3  Ch. 

Ziiconium. 

Oxide  of  Z.,  (uioon  earth*)  8  Zir.  3  Ox. 

Glucinum. 

Oxide  of      (glttcina,)  2  Gl.  3  Ox. 

Yttrium.  ^ 

Oxide  of      (yttria,)  I  Y.  I  Ox. 

Thorium.  * 

Oxide  of  T.,  (thorina,)  1  Th.  1  Ox. 

383.  Potassium, — This  metal  is  the  basis  of  potassa,  or,  as  it 
was  formerly  called,  the  fixed  vegetable  alkali,  which  was  dis- 
covered by  Sir  H.  Davy  to  be  protoxide  of  potassium.  It  may  be 
procured  by  placing  a  thin  plate  of  pure  caustic  potash,  slightly 

What  are  the  oompoundt  ibrmed  with  lifluiinif--huyanif---eekiainf 
Btronti  um    maguMiuiii  f— flhiminmn  f— Bfeoninm  f^-glueimDa  f-jttrinm  f 

thorium  ? 

What  is  the  chemical  nature  of  potassa  ? 
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moistened,  between  two  disks  of  platina,  connected  with  the  op- 
posite wires  of  a  powerful  Voltaic  battery,  when  the  alkali  will 
become  fused  and  afterw^ards  decomposed,  its  oxypren  being 
evolved  at  the  positive  wire,  while  the  metal,  in  small  shining" 
globules,  will  make  its  appearance  at  the  surface  connected  with 
8ie  negative  wire*  Potassium  may  also  be  obtained  by  passing 
melted  potash  ^roagh  a  red-bot  gun-barrel,  containing  fn^enta 
of  iron«  whicb,  at  a  very  bigh  temperatore,  will  decompose  the 
alkali,  by  attracting  its  oxygen,  and  thus  the  metal  will  be  set 
free  as  before.  Ttie  affinity  of  this  metal  with  oxygen  is  so  great, 
that  it  decomposes  most  bodies  which  contain  it,  even  at  very  low 
temperatures ;  and  hence  when  potassium  comes  in  contact  with 
atmospheric  air  or  water,  it  immediately  absorbs  oxygen  from 
either  of  those  fluitl«,  and  protoxide  of  potassium  or  potash  is  thus 
produced.  Potassium,  therefore,  cannot  be  preserved  without 
being  secured  from  the  contact  of  air  and  water;  but  it  may  be 
kept  immersed  in  ether,  or  included  in  exhausted  glass  tubes 
hermetically  sealed. 

384.  Potassium  at  33^  Pahrenheity  is  a  hard,  brittle  solid,  of  a 
crystalline  stmcture,  and  of  a  white  colonr,  like  siWer*  At  about 
50°  it  becomes  malleable  and  ductile,  baring  nearly  the  consistency 
of  soft  wax,  and  in  that  stale  its  specific  gravity  is  about  0.85; 
at  150°  it  is  perfectly  fluid,  and  at  a  hriofht  red  heat  it  sublimes 
without  decomposition,  in  the  form  of  a  green  vapour.  It  is  a  good 
C9nductor,  both  of  heat  and  electricity.  When  this  metal  is 
heated  in  air  or  oxygen  gas,  it  bums  with  a  brilliant  white  flame, 
and  is  converted  into  an  orange-coloured  substance,  which,  on 
cooling,  appears  in  the  state  oT  crystalline  scales.  This  is  the 
peroxide  U  potassium.  Tbe  protoxide  of  potassium,  or  caustic 
potash,  has  a  most  powerful  amnity  for  water,  which  it  readily 
absorbs  from  the  air;  and  thus  forms  a  definite  compound,  called 
hydrate  of  potash,  composed  of  I  potash  -j-  1  water. 

385.  The  common  potash  and  pearlash  of  the  shops  consist  of 
this  alkali  combined  with  carbonic  acid,  forming  carbonate  of 
potash.  This  salt  is  commonly  obtained  by  evaporating  the  ley 
produced  by  steeping  wood-ashes  in  water.  The  decomposition, 
of  the  carbonate  of  potash  is  effected  by  means  of  caustic  lime, 
which  having  a  stronger  attraction  for  carbonic  acid  than  potash 
has,  it  attracts  the  acid,  and  sets  free  the  alkali  in  the  state  of 
hydrate  of  potash.  This  substance,  when  purified,  is  white,  acrid. 

How  is  its  molallic  base  proonred? 

Id  what  manner  may  it  be  obtained  from  the  reaction  of  potassa  wilh 
inmf 

In  what  manner  must  potassium  be  preserved  ?   Why  ? 
What  cliaraclers  does  pofnssiiim  exhibit  at  low  tsmperatUTM f 
.  At  what  temperature  dona  il  become  ductile  ? 
^   What  is  its  melting  point  f 
At  what  point  i»  it  vaporized? 

What  ooiM])ou!i(K  does  potassium  form  by  eombiiatidll  iaoiygen? 
What  I*  I  he  chemical  nature  of  pearlash  f 


and  corrosive,  destroying  the  texture  of  animal  and  vegetable  sub- 
stances. It  speedily  absorbs  moisture  and  carbonic  acid  from  the 
air,  but  it  may  be  crystallized  in  octaedrons,  by  keeping  a  strong 
solution  ot"  it  in  water  for  some  time,  in  close  vessels.  It  reddens 
substances  coloured  by  turmeric,  chanjges  vegetable  blaes  to  gtemt 
and  neutiatizes  acids  without  any  enervescenee.  It  enters  into 
eombinatioii  with  fat  oils,  fonninff  soft  soaps. 

386.  When  small  quantities  of  potassium  are  introduced  into 
chlorine  gas,  intense  inflammation  takes  place,  and  the  chloride 
is  produced.  This  is  a  white  saline  substance,  of  a  bitter, 
disagreeable  taste,  readily  soluble  in  water,  from  which  it  may  be 
procured  by  evaporation  in  cubic  crystals.  It  was  formerly  sup- 
posed to  be  a  compound  of  muriatic  acid  and  potash,  and  it  was 
long  used  in  medicine  under  the  names  of  digestive  salt  of  Sylvius, 
and  regenerated  sea-salt.  Potassium  has  a  stronger  affinity  for 
chlorine  than  for  oxygen,  since  both  its  oxides  are  decomposed  hy 
chlorine  gas. 

387.  Potassium  enters  into  combination  with  iodine  and  with  bro- 
mine, and  the  iodide  of  potassium  is  sometimes  used  in  medicine* 
Potassium  also  unites  with  hydrogen,  sulphur,  selenium,  phos- 
phorus, and  carbon,  to  form  peculiar  compounds.    Alloys  are 

formed  by  the  combination  of  potassium  with  various  other  metal- 
lic bodies.  The  amalgam  of  potassium,  or  combination  of  this 
substance  with  mercury,  may  be  readily  formed,  by  mixing  them 
together  at  the  usual  temperature  of  the  air.  This  amalgam  may 
also  be  produced  by  placing  a  thin  mass  of  mercury  in  the  bottom 
of  a  flat  glass  vessel,  about  two  inches  in  diameter,  and  pouring 
over  it  a  strong  solution  of  caustic  potash,  then  on  connecting  an 
iron  wire  from  the  negative  pole  of  a  Voltaic  battenr  with  the 
mercury,  and  a  platina  wire  from  the  positive  pole  with  the  alkaline 
solution,  into  wnich  it  must  be  dipped  so  as  not  to  touch  the  surface 
of  the  mercury,  an  amalgam  will  be  formed  with  such  rapidity, 
that  more  than  1200  grains  of  mercury  will  become  combined  into 
a  solid  alloy  with  the  potash  in  tweiiiy-fonr  hours.  This  amalgam 
has  the  property  of  dissolving  all  other  metals.  Potassium  like- 
wise combines  with  gold,  silver,  and  copper;  but  when  any  of  its 
alloys  are  thrown  into  water  they  become  decomposed,  potash 
being  formed,  which  dissolves  in  the  water,  and  the  other  metal 
is  set  free. 

388.  Sodium.^This  metal,  which  is  the  basis  of  soda  or  mineral 
alkali,  spreatly  resembles  potassium,  both  in  its  physical  and 
chemical  properties.  It  may  be  obtained  from  soda  by  similar 
processes  to  those  already  described  for  the  decomposition  of 

potash,  only  it  is  necessary  to  employ  a  stronger  electric  power, 
o{  a  l^her  degree  of  heat.   Sodium  is  a  soft,  malleable  metal, 

IIow  is  the  carbonic  acid  separated  liom  carbonate  of  potash f 
What  are  the  compounds  of  pbtassium  with  chlorine  ? 
What  pe c uliar j)rqperty  has  the  amalgam  of  potaiaium  ? 
What  difl^n4i^are  observable  between  potaaium  and  sodium  f 
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wlileb  doaa  not  become  brittle  like  potaidom  at  3SI^,  sinee  at  tbife 

temperature  globules  of  it  ma^  be  welded  together  by  pressure 
It  is  rather  heavier  than  potassium,  its  speeifio  gravi^  octtngO.97* 

In  colour  it  resembles  lead,  but  tarnishes  on  exposure  to  a  moist 
atmosphpre.  Its  fusing-point  is  about  190°,  and  it  is  volatile  at  a 
white  heat ;  but  if  heated  in  contact  with  air,  it  burns  u  ith  a 
white  licrhi,  accompanied  with  red  spaiks.  In  consequence  of  its 
powerful  affinity  for  oxygen,  it  must,  like  potassium,  be  preserved 
under  ether  or  naphtha.  Soda,  or  the  protoxide  of  sodium,  com- 
bines with  water,  forming  hydrate  of  soda,  which  is  the  mineral 
alkali  or  naUon  oi  comnieree. 

389.  The  eooihinatioD  of  aodiiiiii  with  ehlovinet  (ehloride  of  so- 
dium,) is  the  substanee  generally  known  as  eoaunon  or  marine 
•alt*  This  body,  which  exists  largely  in  nataie,  eapeoialiy  in  the 
state  of  rock-salt  and  in  solution  in  sea-Water,  was  formerly  sup- 
posed to  be  a  compound  of  mnriHtic  acid  and  soda,  and  hence  it 
was  called  muriate  of  soda.  It  is  now  known,  however,  to  be  a 
substance  of  a  different  class  from  the  j)roper  salts,  or  compounds 
of  acids  and  alkalies,  and,  upon  the  whole,  it  may  be  considered 
as  having  a  closer  analogy  with  the  alkalies  than  with  the  neutral 
salts.  It  may  be  produced  artificially  by  heating  sodium  in  chlo- 
line  gas,  whflii  the  metal  hums,  forminff  a  white  compound,  which 
is  the  chloride  of  sodium.  *  This  chlorioe  becomes  decomposed  by 
heating  it  with  potassium,  atid  thus  the  sodium  is  set  firee  and 
chloride  of  potassium  produced. 

390*  If  protoxide  or  sodium  be  exposed  to  heat,  in  chlorine 
ffas,  oxygen  will  be  evolved,  and  chloride  of  sodium  formed. 
When  the  protoxide  is  heated  in  hydro-chloric  (muriatic  acid) 
gas,  a  mutual  decomposition  will  take  place,  and  the  products 
will  be  the  chloride  and  water.  The  chloride  of  sodium  crystal- 
lizes in  rccfular  cubes,  which  decrepitate,  or  fall  into  pieces  with  a 
crackling  noise  w  lit-n  heated  ;  and  if  the  heat  be  raised  to  redness, 
the  crystals  fuse  without  decomposition,  and  on  cooling  become  con- 
gealea  into  a  hard  white  mass*  This  substance,  though  readily 
soluble  in  water,  is  almost  insoluble  in  alcohol.  Its  ^neral 
properties,  and  the  numerous  purposes  to  which  it  is  applied^  are 
too  well  known  to  require  spepification. 

391.  Sodium  unites  with  iodine  and  bromine,  and  among  the 
combustibles,  with  sulphur,  selenium,  and  phosphorus,  but  not 
with  hydrocren.    It  forms  alloys  with  most,  if  not  all,  the  metals. 

392.  Lithium, — This  is  a  metallic  substance  comparatively  of 
rare  occurrence,  having  hitherto  been  found  only  in  the  petal  ite, 
spodumene,  lepidolite,  some  kinds  of  feldspar,  and  a  few  other 
iiiiiieralsi  and  in  certain  waters  in  Bohemia,    Iii  these  bodies  it 

Whot  10  the  melting  noint  of  sodium  7 

Ry  what  name  ia  hydrate  of  soda  known  in  commerce?   What  is  the 
true  chemical  nature  uf  common  salt  ?  Wha|  was  it  formerly  supposed  to  be  { 
How  is  common  salt  acted  on  by  potaaslltm,  and  what  are  the  results  ? 
With  which  cIsbms  of  noii-raeuillic  bodies  does  sodium  unite  I 
In  whstsnbsiuioea  is  Utha*  iimnd  t  ^ 
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cnlltB  in  die  slate  of  an  oxide,  called  lithia,  wbieh  exhibits  pio- 
perties  partly  resembling  those  of  Ihe  earths,  and  partly  those  of 
the  alkalies.  The  oxide  oflithium  may  be  decomposed,  like  pot- 
ash and  soda,  by  Voltaic  electricity,  and  the  product  is  a  brilliant 
white  and  highly  combustible  metallic  substance,  bearing-  much 
resemblance  to  sodium  ;  but  its  properties  have  hitherto  been  very 
little  investigated,  in  consequence  of  the  scarcity  of  its  compounds. 
Chloride,  iodide,  fluoride,  and  sulphuret  of  lithium,  have  been  ob- 
tained, but  their  respective  properties  are  bat  imperfeotly  known. 
Oxide  of  lithium  (lithia)  differs  from  potash  and  soda  in'  its 

Sower  of  satorating  a  grsatsr  onantity  of  any  acid,- and  in  forming 
ifficaltly  soluble  salts  with  the  carbonic  and  phosphoric  acids. 
It  may  be  distinguished  from  the  alkaline  earths  (lime  and  bary* 
tes)  by  the  greater  solubility  of  its  saline  compouuds  with  the 
sulphuric  and  oxalic  acids;  and  by  \is  acting  in  the  state  of  car- 
bonate upon  vegetable  colours,  like  potash  and  soda. 

393.  iaryum, — This  metallic  body  may  be  obtained  by  nega- 
tively electrizing  its  oxide  (which  is  the  earth  called  barytes)  in 
contact  with  mercury.  An  amalgam  will  thus  be  gradually  formed, 
firom  which  the  mercury  iii<ty  be -expelled  by  heat.  The  metal 
is  of  a  dark  gray  colouTt  with  a  lustre  Inferior  to  that  of  cast- 
iron,  and  it  is  about  twice  as  heavy  as  water.  It  speedily  absorbs 
oxygen  when  exposed  to  air*  crumbling  into  a  white  powder, 
which  is  the  protoxide  of  baryum  :  and  when  thrown  into  water 
it  suddenly  decomposes  that  fluid,  hydrogen  being  evolved,  and 
the  oxide  which  is  formed  dissolving  in  the  water.  The  protox- 
ide of  baryum  (barytes)  is  not  unfrequently  found  amonj^  minerals, 
in  combination  with  either  the  carbonic  or  the  sulphuric  acid, 
w  ith  the  latter  of  which  jt  constUutes  the  substaace  called  pon- 
derous spar  (terra  ponderosa.) 

394.  rure  barytes  has  a  caustic  taste,  turns  vegetable  blue  co- 
loujrs  green,  and  nentrallises  acids  like  the  alkalies.  It  is  very 
poisonous,  as  likewise  axe  all  the  soluble  salts  formed  of  it.  It 
IS  usually  obtained  in  the  state  of  a  grav  j^owder,  the  specific 
gravity  of  which  is  about  4.  It  is  insombie  in  'pure  alcohol,  but 
Tery  readily  soluMe  in  water,  and  it  may  he  slaked  like  quick- 
lime, giving  out  a  great  quantity  of  heat  during  the  process.  Per- 
oxide of  baryum  may  be  produced  by  heating  the  protoxide  in 
oxygen  gas,  which  is  rapidly  absorbed,  and  a  gray  compound  is 
formed.  This  substance  is  principally  deserving  of  notice,  as 
having  been  used  by  M.  Thenard  in  the  preparation  of  oxygenated 
water,  of  which  some  account  has  been  already  given. 

Baryum  unites  with  chlorine,  iodine,  brpmiue,  and  lluorine,  and 
also  with  some  of  the  simple  combustibleB. 

How  (!()cs  lithia  differ  from  the  vegetable  and  marine  lllndifl>f 

How  from  lime  and  barytes? 
How  is  baryiim  procured  t 

By  what  names  do  minemlogists  distinguish  the  minefslfli  Ibrmed  of  ba-  ' 
lyum  ?  .What  sensible  and  other  properties  belong  to  baryum  ? 
*  ^  what  chemical  purpose  has  the  peroxide  of  baryum  been  applied  ? 

0 
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396.  Odbi*tim.-*Thb  metal  was  discovered  by  Sir  H.  I>rvy:» 

who  procured  it  in  a  separate  state  from  lime  by  the  action  of  a 
Voltaic  battery.  It  has,  however,  been  obtained  in  very  small 
(j^uantities,  and  but  little  is  known  coiiceriiing  its  physical  proper-^ 
ties  except  that  it  has  the  colour  and  lustre  of  silver.  \\  hen  ex- 
posed to  common  air  the  metal  takes  fire,  and  burns  with  an  in- 
tense white  light,  forming  protoxide  ui  calcium,  or  pure  lime. 
The  amalgam  of  calcium  thrown  into  water  is  decomposed  with 
the  mrolutioQ  of  hydrogen,  and  oxygen  of  tlie  w«ter  naiieB 
-with  the  oaleiom  to  form  liina.  The  piotdzide  of  ealeiam  (lime) 
is  a  white  pnlrerulent  earth«  wUeh  is  one  of  tiie  moat  abundant  and 
moet  important  of  all  natural  substances.  In  the  mtneial  Jdo^ 
dom  it  forms  limestone  and  other  rocks ;  it  is  contained  in  many 
vegetable  products,  and  also  forms  the  basis  of  bone  and  other 
animal  substances.  It  may  be  most  readily  obtained  in  the  state 
of  purity  by  exposing  powdered  calcareous  spar^  or  white  marblot 
to  a  strong  red  heat. 

396.  Pure  lime,  commonly  called  quicklime,  has  an  acrid  and 
alkaline  taste,  corrodes  animal  substances,  and  changres  vegetable 
bine  eoloors  to  green.  It  is  very  diffienitly  fosiblei  Eiit  fiMHlttaM 
extremely  the  fusion  of  other  mineral  bodies*  as  mcisllie  ores«  and 
it  is  therefore  employed  as  a  cheap  and  poweifnl  flu*  It  ia 
sparingly  soluble  in  water,  and  hot  water  takes  up  a  smaller 
quantity  of  it  than  cold,  so  that  when  lime-water  is  boiled^  the 
lime  is  precipitated.  Lime  absorbs  moisture  from  the  air,  and 
becomes  converted  into  hydrate  of  lime,  as  also  happens  when  it 
undergoes  the  process  of  slaking.  Lime  may  be  obtained  in  a 
crystalline  state  by  placing  lime-water  under  the  exhausted  re- 
cei verof  an  air-pump,  tog-etnerwlth  sulpl^uric  acid  in  another  ves- 
sel, the  water  thus  becoming  slowly  evaporated,  imperfect  hexa* 
gonal  erystals  will  be  formed,  ooasnting  of  hydnle  of  lime. 

397.  Caletnm  is  capable  of  eatering  into  combiaalion  with  oxy* 
ffen  in  two  proportions,  formti^f  fesides  limSf  a  peroxide  or 

.  mitoxide.  The  chloride  of  oaleinmy  which  is  formed  when  pnie 
lime  is  heated  in  chlorine,  is  known  in  commeiee  nnder  the  namea 
of  oxymuriate  of  limeaad  bleaefaing  powder«  ezteasivelj  used  fxa 
various  purposes. 

398.  Strontium, — ^This  metal  may  be  obtained  from  the  earth 
called  strontia,  which  is  an  oxide  of  strontium,  by  a  process 
analogous  to  that  described  for  the  production  of  baryum.  It 
possesses  but  a  moderate  degree  of  lustre,  is  difficult  of  fusion,  and 

What  efiect  results  from  the  exposure  of  calcium  to  oommon  air? 

How  does  that  meUil  act  upon  water  t 

Uow  eztsnsive  is  the  protoiide  of  calcium  ibnnd  in  ttalttie  f  - 

How  may  it  be  obtained  in  a  pure  itMf 

What  are  its  sensible  properties  i 

For  what  purpose  is  it  used  In  metallurgy? 

What  remarkeUe  ellbet  has  ineroase  of  tempeiatnre  on  water  astaisled 

with  lime  ? 

What  use  is  made  of  the  compound  of  lime  wii|^  chlorine  ?  •  ^ 


MAGNESIUM.  1§1 

not  volatile.  It  is  eonveried  into  an  oxide  by  ezpomire  to  atmo8« 
pherie  aiT«  and  it  also  decomposes  water.  The  oxide  of  strontiaaif 
or  strontia,  derives  ita  aDpellation  from  its  having  beea  found  in  a 

mineral,  first  discovered  in  a  lead-mine  at  Strontian,  in  Arg-yll- 
shire,  in  which  the  earth  is  combined  with  carbonic  acid.  Strontia 
is  a  gray  pulverulent  mass,  having  decidedly  alkaline  properties. 
It  may  be  slaked  with  water,  giving  out  much  heat,  and  forming 
a  solid  hydrate,  which  is  readily  soluble  in  boiling  water,  and 
deposits  crystals  on  cooling.  When  immersed  in  alcohol,  it  causes 
tbe  vapours  of  that  fluid  to  burn  with  a  bright  red  flame.  Its  taata 
is  acod ;  but  it  diffisrs  ih>m  barytes  in  not  Ming  poisonous.  Stto/a^ 
tium  unUes  with  chlorine  and  «ome  other  bodies;  bntitaoaiBp 
pounds  have  been  but  slightly  examined. 

3d9.  Jkfugnuium.i'm^it  U.  Davy  was  foiled  in  an  attempt  to 
procure  magnesium  by  exposing  the  earth,  in  its  pure  state,  to  the 
action  of  the  Voltaic  battery  ;  but  he  succeeded  better  by  galva- 
nizing solutions  of  the  sulphate  or  nitrate  of  magnesia,  in  contact 
with  mercury  By  this  means  a  metallic  solid  was  obtained, 
which  sunk  rapidly  in  water,  though  surrounded  by  globules  of 
gas,  producing  magrnesia ;  and  it  quicklj  changed  in  air,  becomincr 
eoTered  with  a  white  crust,  or  falling  into  a  fine  powder,  whieS 

£ roved  to  be  magnesia.  'Hie  metal  has  sinoe  been  obtained  by  M. 
(ussy  from  the  aetion  of  potassium  on  chloride  of  magneeium« 
heated  to  redness  iq  a  porcelain  tube.  It  vppemd  in  the  state  of 
small  brown  scales,  which,  when  rubbed  in  an  agale  mortar,  left  a 
metallic  trace  of  a  leaden  colour.  It  bumsy  when  stiongly  heated^ 
with  a  red  light,  forming  magnesia. 

400.  The  oxide  of  magnesium,  (magnesia,)  in  combination  with 
acids,  is  abundantly  distributed  by  nature  in  the  mineral  kingdom, 
entering  into  the  composition  of  various  rocks,  and  being  found  in 
considerable  quantities  in  the  water  of  tlie  sea,  and  of  mineral 
springs.  It  usually  oeonrs  ia  the  state  of  sulphate,  irom  which 
the  carbonate  is  prepared,  by  the  addition  of  carbonate  of  potash 
or  of  soda,  when  a  precipitation  takes  place.  The  onde  oi  mag- 
nesium m^  be  obtained  pure  by  exoosing  carbonate  of  magnesia 
to  a  strong  red  heat,  and  the  product,  known  by  the  name  of 
calcined  magnesia,  is  frequently  used  in  medicine.  It  is  a  soft, 
white,  infusible  powder,  having  neither  taste  nor  smell.  It  slightly 
reddens  turmeric,  and  has  some  action  on  the  blue  tint  of  violets, 
turning  it  green,  like  alkalies. 

Magnesium  combines  with  chlorine  and  iodine. 

• 

Whence  was  strontium  first  procured  ? 

What  are  its  properties  ? 

What  effect  haM  this  metal  on  alcdiolf 

What  difl»reat  methodi  hsve  been  employed  lo  obtain  the  metel  msg- 

neHium  ? 

To  what  extent  does  the  compound  of  magnerium  and  oxygen  preient 
llself  in  nature! 

Under  what  name  is  that  compound,  when  pore,  generally  known { 
Wiiat  alkaline  property  does  it  poaseM  ? 
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401.  Muminum^^^rkAs  metal  hm  bees  obtuned  » the  stata  ef 
m  finely-divided,  gray  substance,  or  in  small  scales  with  some 
metallic  lustre.  It  is  very  difficult  of  fusion  ;  and  though  in  the 
pulverulent  state  it  seems  not  to  conduct  electricity,  it  becomes  a 
conductor  when  its  particles  are  united.  It  does  not  become  oxi- 
dized by  mere  exposure  to  the  air;  but  if  heated  almost  to  red- 
ness, it  burns,  forming  a  white  substance,  having  the  general 
properties  of  aluminous  earth. 

408.  The  oxide  of  alimiiiiiiin  or  aleiiilne«  is  foand  in  abundaBee 
in  the  mineral  kingdom,  eonstttallng,  either  alone  or  with  other 
sabataneee,  most  oi  the  preeious  stoneet  m  the  eapphtre,  the  t<mas, 
the  vahjf  and  the  garnet ;  and  it  ia  a  constituent  part  of  the  luudeat 
and  most  ancient  rocks,  and  in  general  also  of  the  superior  soil. 
In  the  state  of  clay  it  is  larg-ely  used  in  making  tobacco-pipes, 
bricks,  pottery,  and  porcelain.  In  combination  with  sulphuric  acid, 
this  oxide  forms  alum,  so  extensively  used  in  the  arts  and  in 
medicine.  Pure  alumine  may  be  obtained  ])y  precipitating  a  solu- 
tion of  alum  (sulphate  of  alumine)  in  water,  by  means  of  ammonia 
or  carbonate  of  potash.  A  white,  bulky  hydrate  of  alumine  will 
thoa  be  obtained,  which,  when  well  washed  and  exposed  to  a 
white  heat,  will  yield  the  earth  in  a  atate  of  purity. 

403.  Alomine  ia  a  white  bland  powder,  whieh  adheiea  to  the 
tongue,  hot  has  neither  taste  nor  amell,  and  does  not  affect  vegeta- 
ble colours.  It  is  insoluble  in  water,  bat  when  moiRt(  ned  with  il, 
forms  a  ductile,  cohesive  mass.  It  has  a  great  affinity  for  moisture ; 
and  after  ignition,  it  will  absorb  from  the  atmosphere  a  quantity 
of  water  equal  to  half  its  weight.  This  earth  enters  into  permanent 
combinations  with  various  animal  and  vegetable  colouring  matters, 
and  hence  it  is  of  great  use  in  dying  and  calico-printing. 

Chloride  of  aluminum  is  a  yellowish,  transparent  crystalline 
anbatanee,  whieh  ritee  in  Taponr  at  9IS^.  When  exposed  to  the 
lar  it  rapidly  deliquesces,  foiming  an  aeid  aolution. 

404.  Zireonium. — ^Thia  metal  baa  been  obtained  from  the  earth 
ealled  sireon  (oxide  of  sireonium)  by  Galvanism,  and  also  by  heat* 
iag  potassium  with  a  peouliar  aalt,  fiuate  of  zirconia  and  potaah 
caretuUy  dried.  Itia  thus  procured  in  the  state  of  a  black  powder, 
difficultly  soluble  in  acids,  except  the  hydrofluoric,  which  readily 
acts  on  it,  extricating  hydrogen.  When  rubbed  between  two  hard 
substances,  it  appears  in  the  form  of  shining  scales,  of  a  dark 
gray  colour.  If  heated  in  atmospheric  air,  it  burns  brightly,  form- 
ing zircon  earth.    This  earth  (oxide  of  zirconium)  is  a  white 

What  is  thp  appearance  of  almmnum  t 
How  is  it  aifecleU  by  heat? 

What  k  the  ehsmical  nature  of  the  ehief  ingredient  of  most  of  die  pre- 
cious stones ' 

For  what  purposes  in  the  arts  is  alumine  employed  t 

How  may  it  be  obtained  in  a  pure  state  ? 

What  dietinguiriihfif  sensible  properties  does  it  iiiMocifli  f 

What  relation  has  pure  alumine  to  water  f 
How  is  it  employed  in  the  arts? 

Huw  h&a  zirconium  been  procured  ?  Enumerate  its  several  properties. 
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insipid  powder,  which  forms  salts  with  different  acids,  and  is 
uparingly  disaotyed  by  the  earbonated  mlkalies ;  but  not  hj  the 
ukaliee  m  a  pure  elate* 

405.  G/u«in«m»-**Thie  metal  may  be  obtained  by  decomposing 
its  chloride  by  potasaium.  It  is  a  gray  substance,  having  hut  lit- 
tle metallio  lostret  and  very  difficalt  of  foeion.  It  is  not  affected 
by  air  or  water  at  common  temperatures;  but  when  heated,  it 
burns,  forming  ^lucina,  or  oxide  of  glucinum.  This  oxide  was 
first  discovered  in  the  beryl,  and  it  also  occurs  in  the  emerald  of 
Peru,  and  in  the  euciase  ;  hut  has  not  yet  been  found  in  any  other 
minerals.  It  is  a  fine,  white,  soft  powder,  adhering  to  the  tontrue 
like  pure  clay.  It  does  not  atFect  vegetable  colours,  and  is  insolu- 
ble |n  water;  with  which,  howeyer,  it  forms  a  ductile  paste. 
With  the  acids  it  combines  to  form  aalle»  having  a  sweetish, 
astringent  taste ;  whence  its  name.* 
406  Yttrium, — This  is  the  metallic  basis  of  the  earth  called 
•  3rttria  or  ittria,  which  was  discoTered  in  a  mineral  foand  in  the 
quarry  of  Ytterby  in  Sweden.  This  earth  has  since  been  met  with 
only  in  one  other  mineral  in  the  same  country.  Yttria  (oxide  of 
yttrium)  is  an  insipid,  white  powder,  which  has  no  action  on 
vegetable  colours,  and  is  remarkable  for  its  specific  gravity,  which 
is  4.8.  It  is  insoluble  in  water,  and  incapable  of  fusion,  except  at 
a  very  intense  heat.  With  the  acids  it  forms  salts,  having  a 
sweetish,  austere  taste,  but  which  hare  hitherto  been  bnt  slightly 
examined.  The  metal  has  been  procnred,  by  decomposing  the 
chloride  of  yttriam  by  means  of  potassium,  in  the  state  of  iron- 
gray  scales,  which  burn  brilliantly  when  heated  in  oxygen  gas  or 
common  air,  forming  yttria.  The  metal  is  not  acted  on  i»y  wateff 
but  dissolves  in  sulphuric  acid. 

407.  Thorinum, — ^Thorinura,  or  thorium,  is  the  name  given  to 
a  metal  discovered  by  Berzelius.  In  1816,  in  analysintr  some 
Swedish  minerals,  he  obtained  an  earthy  substance,  which  he 
concluded  to  be  the  oxide  of  a  new  metal,  (thorium,)  but  he 
subsequently  found  it  to  be  a  subpliosphate  of  yttria.  However, 
in  1828,  Berzelius  received  a  black,  heavy  mineral,  from  &e 
Ticinity  of  Brevig,  in  Norway,  which,  on  analvsis,  was  found  to 
consist  chiefly  of  a  silicate  of  a  new  earth,  which  constituted  about 
58  per  cent.  oC  the  whole  mineral.  To  the  base  of  this  earth  he 
gave  the  name  of  thorium,  because  it  resembled  in  its  properties 
the  Bubphosphate  of  yttria,  to  which  the  name  had  been  previously 
applied.  Thoria  (oxide  of  thorium)  displays  considerable  analo* 
gies  with  yttria,  zirconia,  and  glucina. 

In  what  state  was  the  oxide  of  ghicintim  first  dif?coverpd  ? 
What  peculiar  properties  have  its  compounds  with  acitii? 
Whence  was  yttria  first  procured  ?  r 
By  what  meam  ia  Its  metallio  baae  aeparated  fimn  compositioaf 

With  what  Bolvont  will  the  niotal  combine  ? 

To  whnt  substance  was  the  name  tfiorinm  first  giveu? 

To  whut  has  ii  been  iubsequeiiily  apphed  ? 

*  From  the  Greek  word  rAvm,  sweeL 
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40d.  Binary  Combinatimu  0/  iU  MetalUe  Elements  of  the  JJUrd 
Cbm  witk  Oxygen  and  aome  alher  NaiymtUMU  HieimmU* 

Iffon. 

Black  oxide  of  L,  1  Ir.  1  Qx, 
Red  oxide  of  I.,  2  Ir.  3  Ox. 
Chloride  of  I.,  1  Ir.  1  Ch. 
Pefchloride  of  I.,  2  Ir.  3  Ch. 
Sulphuret  of  I.,  1  Ir.  1  S. 
Bisulphuret  of  I.,  1  Ir.  2  S. 

Nickel. 

Oxide  of  N.,  1  Nk.  1  Ox. 
Peroxide  of  N.,  2  Nk.,  3  Ox. 
Salpharet  of  N.,  1  Nk.  1  S« 

Zinc. 

WbHo  oxide  of  Z.*  1  Zn.  1  Ox. 
Chloride  of  Z.*  1  Zd.  1  Ch. 
Sulphuiet  of  Z.,  (blendet)  1  Zn.  1  S. 

Cadmium. 

Oxide  of  C,  1  Cad.  1  Ox.  . 
Sulphuet  of  C,  1  Cad.  1 S. 

Cerium. 

Oxide  of  C,  1  Cer.  1  Ox. 
Peroxide  of  C,  2  Cer,  3  Ox. 

Lead. 

Protoxide  of  L.,  1  Ld.  1  Ox. 
Red  oxide  of  L.,  (minium,)  2  Ld.  3  Ox. 
Brown  oxide  of  L.,  1  Ld.  2  Ox. 
Chloride  of  L.,  1  Ld.  1  Ch. 
Sulphuret  of  L.9  (galena,)  1  Ld.  1  S. 

Copper. 

Oxidule  of  C,  2  Cop.  1  Ox. 
Oxide  of  C,  1  Cop.  1  Ox. 
Deutoxide  of  C,  1  Cop»  8  Ox. 
Chloride  of  C. 
^  Perchlorideof  C. 

Hemisulphvret  of  C,  2  Cop.  1  S. 
Sulphuret  of  C,  1  Cop.  1  S. 

£nuiiierate  the  metallic  elements  of  the  third  class. 
What  ara  tha  hlnaiy  compounds  of  iron  ?— of  nickel  ?— of  zinc  f — of  cad 
luutt       cerium  li-«ri«ad  t--Qf  copper  ! 
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Copper  timHnutdm 

ri  Cop.  2  S. 
Pemlphurete  of  S  J  }  g°P;  3  I; 

U  Cop.  6  S. 
Phosphmet  of  C.»  1  Cop.  1  Plu 

Bismuth. 

Oxide  of  B.,  1  Bis.  1  Ox. 
Chloride  of  B.,  1  Bis.  1  Ch. 
S.alpharet  of  B.,  1  Bis.  1  S. 

Mercury. 

Black  oxide  of  M.,  1  Mer.  1  Ox. 
Red  oxide  of  M.,  1  Mer.  2  Ox. 
Chloride  of  M.,  (calomel,)  1  Mer.  1  Ch. 
Perchloride  of  M.  (corrosive  sublimate,)  1  Mer.  2  Ch. 
Snlpharetof  M.,  (Ethiops  mineral,)  1  Mer.  1  S. 
Bisolphacet  of  M.,  (refmiyoB,}  1  Mer.  3  S. 

Silver* 

Oxide  of  8.,  1  Sil.  1  Ox. 

Chloride  of  S.,  {kmaeorewg^hxm  flihwr,)  1  Sil.  1  Gk* 
Sulpharet  of  S.,  1  SO.  1  S. 

Gold. 

Oxide  of  G.,  1  Gd.  1  Ox. 
Peroxide  of  G.,  1  Gd.  3  Ox. 
Chloride  of  G.,  1  Gd.  1  Ch. 
Perchloride  of  G.,  1  Gd.  3  Ch. 
Sulphuret  of  G.,  1  Gd.  1  S. 
Persulphuxet  of  G.,  1  Gd.  3  S. 

Platina. 

Oxide  of  P.,  1  PI.  1  Ox. 
Deutoxide  of  P.,  1  PI.  2  Ox. 
Chloride  of  P.,  1  PI.  1  Ch. 
Bichloride  of  P.,  1  PI.  2  Ch. 

Palladium. 

Oxide  of  P.,  1  Pal.  1  Ox. 
Sulphuret  of  P.,  1  Pal.  1  S. 

How  many  persulphurets  does  copper  form  ? 

What  are  the  hiimiy  oompounds  of  bismuth     of  mercury  ?-^f  silvejri*^ 
rgold?  ^ 
Wilh  which  <>i'  tuo  non-metallic  elcmenti  does  pladoft 'dmhilie  t 
With  what  ones  does  paiiadium  unite  t 
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Rh 


I  mi  I II  u£ 


Oxide  of  R.)  1  Rh.  1  Ox. 
Peroxide  of  R.,  9  Rh.,  3  Ox. 

Ixidiam. 

1  Irid.  1  Ox. 

2  Irid.  3  Ox. 
1  Irid.  2  Ox. 
1  Irid.  3  Ox. 


Oxides  of  L 


Onnium. 

1  Os.  1  Ox. 

2  Os.  3  Ox. 
Oxides  of  O.^  1  Os.  2  Ox. 

1  Os.  3  Ox* 
.1  Oe.  4  Ox. 

409.  Jrfm*  But  fern  of  the  elementary  hodiee  with  which  we  are 
aeqannted  oocar  ao  ahaadaotly  and  in  so  many  various  forms  as 
iron.  Among  the  metala*  excepting  some  of  the  bases  of  earths 
and  alkalies,  there  is  not  one  which  enters  so  largely  into  the  com- 

Sosition  of  mineral,  vegetable,  and  animal  substances.  It  is  also 
istinguished  for  its  general  utilty,  possessing  admirable  pro- 
perties, adapting  it  for  the  construction  of  a  multiplicity  of  weapons 
and  instruments,  useful  in  peace  and  war,  in  arts,  manufactures, 
and  for  domestic  purposes.  Its  capabilities  were  known,  and,  to  a 
certain  extent,  duly  appreoiated  hr  the  andents ;  hot  they  have 
heen,  in  .SBodem  times,  &r  more  iuIIt  dereloped,  and'  the  metal  «  | 
and  ita  eomponnds  oonseqvently  rendered  saDserrient  in  a  most 
extraocdinary  degree  to  the  luxuries  as  well  as  the  wants  of  our 
contemporaries.  Chain-bridges,  steam-engines,  watch-springs, 
and  magnets,  are  among  the  numerous  articles  constructed  of  this 
metal,  the  invention  of  which  is  comparatively  of  modern  date.  i 

410.  Though  iron,  when  pure,  requires,  to  melt  it,  an  extremely  | 
high  temperature,  it  is  susceptible  of  an  imperfect  kind  of  fusion 
at  a  white  heat;  for  when  exposed  to  that  heat.it  becomes  so 
much  softened,  especially  at  the  surface,  that  if  two  pieces  are 
plaeed  in  eontaot,  and  hammered,  they  may  be  most  nrmly  amd 
seenrely  united.  Tliis  operstion  is  termed  weldings  and  the  tem- 
Mratnre  at  which  it  is  effected,  is  sometimes  called  a  welibfg 
heat. 

411.  The  oombnstibility  of  iron  has  been  already  noticed.* 

With  which  of  the  non-metallic  elements  does  rhodium  combine? — iri- 
dium ? — osmium  ? 
Wllich  of  the  metals  is  the  most  widely  diffused  ? 
Into  what  classes  of  natural  productions  does  iron  enter? 
How  early  did  mankind  employ  it  for  useful  purposes? 
To  what  purpose  is  the  semi-Auid  stale  of  iron  applied  ?  * 
What  is  DMsat  fay  mdiingt 

,  '  •  See  Nob.  171,  m 
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When  it  is  burnt*  other  in  oxygen  gan  or  attnoepberlo  air»  the 
protoxide  of  iron  id  formed ;  if  this  compoand  be  exposed  to  a  red 

for  some  hours,  it  combines  with  an  addttioMU  quantity  of  * 
oxygen,  and  becomes  converted  into  the  peroxide.  Both  the 
oxides  combine  with  water,  constituting  hydrated  oxides  of  iron. 
.  Chloride  of  iron  is  a  brittle,  lanicller  substance,  of  a  gray  colour, 
which  requires  for  its  fusion  a  red  heat.  Perchloride  of  iron  is  the 
product  of  the  combustion  of  iron  wire  in  chlorine  gas.  The 
metal  burns  with  a  red  light,  forming  a  compound  which  sublimes 
in  iridescent  brown  scales.  The  bisulphurut  of  iron  is  a  native 
mineraly  oeeaniqgr  ia  the  state  of  gold-coloared  erystalst  eallsd 
pyrites.  Iron  combines  in  variable  proportions  with  eaibon: 
when  the  metal  is  in  excess,  composing  the  different  kinds  of 
steel  and  cast-iron ;  and  when  the  carbon  largely  exeeeds,  forsi- 
ing  plumbago. 

412.  i\^/c^e/.— This  is  a  hard  metal,  of  a  white  colour,  malleable 
and  ductile,  but  difficult  of  fusion,  and  not  acted  on  by  atmospheric 
air  or  water  at  common  temperatures.  When  pure  it  may  be 
rendered  magnetic,  like  iron ;  and  it  has  heretofore  been  sometimes 
employed  in  the  construction  of  magnetic  needles.  If  exposed  to 
intense  heat  with  access  of  air,  it  becomes  slowly  oxidized ;  and 
it  bams  with  Tivid  scintillations  in  oxygen  gas. 

413*  Ztfte.— This  metal  in  appearance  resembles  lead,  bat  is, 
when  nntarnished,  of  a  lighter  eoloar.  It  speedily  attracts  oxygen 
when  exposed  to  air  and  moisture ;  and  it  is  easily  dissolved  by 
acids  ana  alkalies,  both  in  the  metallic  state  and  when  oxidated. 
It  is  malleable  and  ductile  when  heated  to  between  210°  and  300** 
Fahrenheit.  At  about  725°*  it  melts,  and  becomes  cyrstallized 
on  cooling.  If  exposed  to  a  temperature  beyond  its  melting-point, 
with  the  access  of  air,  it  burns  with  a  brifrht,  bluish  flame,  form- 
ing the  oxide,  formerly  called  flowers  of  -ziuc. 

414.  Cadmium  resembles  tin  in  its  sensible  properties;  and 
when  heated  in  atmospheric  air  forms  a  sublimate,  which  condenses 
into  a  brownish-yellow  oxide.  The  oxides  of  this  as  w^  as  the 
three  preceding  metals,  are  readily  reduced  by  heat  akne  to  the 
metallic  state. 

415.  Cerium, — The  protoxide  of  cerium  is  a  white  powder, 
which  diflfers  from  the  oxides  of  the  metals  just  desoribed,  in  beisg 

What  two  corapounds  does  it  form  with  oxygen? 
What  is  the  appearance  of  chloride  of  iron! 
To  what  is  the  term  pyrites  applied  ? 
What  are  the  chief  properties  of  nickel  f 
What  property  has  it  in  common  with  iron? 
Between  what  temperatures  is  zinc  malleable? 
About  what  temperatures  i»  that  metal  said  to  melt? 
To  whtcb  of  the  other  metals  is  cadmium  most  nearly  allied  f 
By  what  mr  ans  are  the  oztdea  of  inm,  niekal,  siae>  end  esdminia  fs* 
duced  to  the  motailic  state  ? 


*  6^  according  to  DanielL 

.0* 
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eMtnmAy  difficult  of  reducUon.  The  metal  iUeif  is  but  ioiperCectlj 

416.  * /.er/^/.— This  is  well  known  to  be  a  heai^y,  eoft,  and  readilj 
fusible  metal,  which,  thoujrh  malleable  and  ductile,  18  deficmt  m 
tenacity.  It  soon  becomes  oxidized  when  exposed  to  a  moiBt  at- 
mosphere. When  heated  by  means  of  an  oxy  hydrogea  blowpqiey 
it  burns  with  a  bluieh  flame.  If  melted  and  kept  eUir^fU  so  as  to 
pimnote  the  free  aceess  of  air,  it  becomes  conTerted  into  the  pwH 
toxide,  a  yellow  powder,  nsed  as  a  pigment  under  the  name  of 
massicot;  and  in  a  semi-vitriaed  state  it  constitutes  litharge.  1  he 
brown  oxide  of  lead  exhibits  the  phenomenon  of  spontaneous  com- 
bustion, when  it  is  triturated  with  sulphur.  Lead  in  a  finely- 
divided  state,  if  thrown  into  chlorine  jras  moderately  warmed, 
burns  with  a  white  flame,  aitd  throws  off  sparks.  The  product  of 
this  operation  is  chloride  of  lead,  which  may  also  be  obtained  by 
decomposing  the  solution  of  lead  in  niiric  acid,  by  means  Of  Chlo- 
ride of  sodium,  (common  salt.)  It  fuses  at  a  heat  below  redness, 
and  when  cooled  again,  has  the  appearance  of  a  homy  snbstuioe, 
whence  it  was  formerly  named  horn  lead,  {plumbum  wmeum.^ 

417.  CWr.--This  metal  being  used  formanydomesuc  purposes, 
its  physical  properties  aie  generally  known.  It  is  malleable  and 
ductile  beyond  most  other  metals,  except  gold,  silver,  platina,  and 
iron;  and  hence  it  forms  fine  wire,  and  may  be  beaten  into  thm 
leaves.  It  burns  brilliantly  when  heated  in  the  combined  flame 
of  oxygen  and  hydrogen,  giving  out  a  dazzling  green  light.  It  ex- 
posed to  air  and  moisture,  it  tarnishes,  combining  with  oxygen  to 
form  a  bluish-green  rust,  {sru^.)  The  deutoxide  or  peroxide  of 
copper  is  an  insipid,  black  powder.  Leaves  or  filinga  of  coppep 
take  fire,  and  burn  spontaneously  in  chlorine  gas,  formmg  the 
chloride  of  copper,  a  yellowish,  slightly  transparent  substance, 
easily  fusible,  which  has  been  called  resm  of  copper.  If  su  phur 
and  filings  of  copper  be  heated  together,  a  sudden  and  brilliant 
combustion  takes  place,  CTen  when  the  process  is  conducted  in  a 
irecuum.*  _ 

418.  Bismuth  ^This  is  a  light  reddish-coloured  metal,  of  a 

lamellar  structure,  moderately  hard,  and  destitute  of  malleability, 
it  becomes  tarnished  by  exposure  to  air;  hut  is  not  affected  by 
water.  Its  fusibility  has  been  already  noticed.  If  strongly  heated 
in  the  air,  it  burns  with  a  blue  flame,  forming  a  yellowish  ond^ 
which  has  been  called  flowers  of  bismuth.  This  snhatMiee,  like 
the  oxide  of  lead,  is  fusible  and  Yitrifiable.  Plnely-dmdcd  bismutli 
becomes  inflamed  when  gently  heated  in  chlonne  gas,  forming  a 
gray,  granular  compound* 

What  are  the  chemical  propertiei  of  lead  f 

Whal  is  the  colour  of  the  flame  of  copper  in  oxygen  f 

What  effect  has  chlorine  on  copper?                                -.u  „,i 1 
What  takes  place  when  copper  in  tine  particles  is  heated  wiUiwiipnuri 
What  are  ihe  colour  and  crystalline  form  of  bwmuth?  ' 
3y  what  means  may  the  combustion  of  bismuth  be  erocted  ?  

See  iS^o.  70. 
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419.  Mercury. — ^This  metal  is 'distinguished  by  its  extraordinary 
fusibility,  so  that  it  requires  a  temperature  39°  below  zero,  Fahren- 
heit, to  congeal  or  render  it  solid.  It  is  in  that  slate  malleable  and 
ductile^  though  not  to  any  great  extent.  It  is  extremely  vdatiliit 
sttbUmiog  ID  sone  degree  al  low  temperatares ;  and  at  about  660** 
it  boils  rsfidly,  aad  may  thus  be  purified  by  disUllation,  like 
water.  When  heated  a  little  beyond  the  boiling  point,  it  becomes 
oxidated;  and  if  the  onde  be  exposed  to  a  eonrndeiiibly  higher 
temperature,  the  oxy^n  is  driven  off,  and  the  metal  revived.* 

420.  The  chlorides  of  mercury  are  among  the  most  important 
preparations  of  this  metal  used  in  medicine.  The  first,  commonly 
called  calomel,  may  be  formed  by  exposing  the  metal  to  chlorine 
gas  at  common  temperatures  ;  but  the  usual  mode  of  obtaining 
this  compound  is  by  decomposing  the  solution  of  mercury  in  nitric 
aeid,  by  means  of  muriatic  acid  or  ehloride  of  sodiumy  (common 
salt.)  The  product  is  a  ponderous  white  powder,  which,  when 
exposed  to  heat,  sublimes  unaltered.  The  perchloride  of  mercury 
is  a  crystalline  substance,  which  may  be  procured  by  heating  the 
metal  in  chlorine  gas ;  but  it  is  prepared  for  use  by  boiling  together 
sulphate  of  mercury  and  common  salt.  It  is  well  known  as  a 
powerful  poison,  under  the  name  of  corrosive  sublimate.  The  bi- 
fiulphuret  of  mercury,  which  occurs  as  a  native  mineral,  under  the 
nvinie  of  cinnabar,  and  the  same  substance  artificially  produced,  af- 
fords a  fine  scarlet  colour  for  painting. 

421.  Silver, — ^This  metal  re(^uires  a  great  heat  to  melt  it;  but  by 
«  fieree  and  limgr  eiDntinued  fire  it  may  be  TolatUised.  It  does  not 
tarnish  in  the  atr  from  absorption  of  oxygen  $  but,  when  sulphurous 
vapours  are  present,  its  surface  becomes  tinged  with  purple  from 
the  formation  of  sulphuret  of  silver;  and  the^same  effect  is  produced 
when  a  silver  spoon  is  dipped  in  the  yolk  of  an  egg,  which  con- 
tains sulphur.  The  oxide  oi  silver  may  be  formed  by  exposincrthe 
metal  to  intense  heat,  with  the  access  of  air ;  but  it  is  more  readily 
obtained  by  decomposing  the  nitrate  of  silver  with  lime  water, 
when  it  constitutes  a  tasteless  olive-coloured  powder,  insoluble 
in  water.  Chloride  of  silver  has  the  same  horny  appearance  as  chlo- 
ride of  lead;  and  it  is  therefore  called  horn  silver,  (luna  cornea,) 

493.  (Md^^-^The  most  powerful  heat  of  our  furnaces  has  no  ei" 
feet  on  this  metal  beyond  that  of  fusing  it ;  but  it  may  be  made  to 
undergo  combustion,  and  form  a  purpfo  oxide,  by  heating  it  with 
the  flfune  of  an  oxyhydrogen  blowpipe,  or  by  means  of  electricity 

What  remarkable  property  distinguiBhes  mercury  from  all  other  metaU  ? 
What  claw  of  the  eonpoundt  of  this  meisl  are  uied  in  medidne  I 
What  ii  the  ibnn  of  cormivesublunateand  what  is  the  common  piooesB 
•f  procuring  it  ? 

To  what  purpose  i«  the  bisulphuret  of  mercury  applied  ? 

What  mniical  propertietof  ailver  esa  you  enumerotef 

What  cames  the  colour  given  lo  a  lilvtfr  apoon  by  dipphig  it  in  the  yuXk 

of  nn  e  cfg  ? 

iiow  may  gold  be  oxidized  f 

*8eaNo.88; 
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it  may  ulso  be  exiteed  ip^iveetl^  by  eolvtioa  in  iSbm  vSHmBaxxmHo 
eeid,  {aquaregia^)  and  precipitation  by  cawtie potaaii  of  reagnesuu 
If  the  peroxide  of  gold  be  dissolved  in  muriatic  aoid,  and  ammooia 
be  employed  to  precipitate  it,  a  detonating  powder  (Jurum  Ful- 
minam)  will  be  obtained,  which  explodes  when  rubbed  or  heated 

423.  Platina. — ^This  mota!  in  u  state  of  purity  is  the  heaviest 
body  hitherto  discovered,  havino:  nearly  22  times  the  specific  gra- 
vity of  water,  it  is  so  difficult  of  fusion,  that  it  can  only  be  pre- 
pared for  use  by  a  complicated  process.  But,  like  iron,  it  may  be 
welded  by  hammering  the  metal  when  intensely  heated  ;  and  thus 
yessels  and  other  utensils  may  be  formed,  hi^rhly  valuable  for  the 
purposes  of  art,  on  aocount  of  their  relative  iadeetmetibiltlj*  PU» 
tina  may  be  oxidated  by  treating  it  with  Ditro*maiiatic  acid  and 
alkali,  as  in  the  eaee  of  gold,  or  by  heating  it  with  nitre^  and 
likewise  by  the  influence  of  electricity. 

421.  Palladium,  Rhodium^  Iridium,  and  (hmium  are  metala 
which  have  been  found  in  comparatively  small  quantities,  mixed 
with  crude  platina,  in  the  state  in  which  it  appears  in  commerce. 
Palladium  forms  a  hard,  durable  alloy  with  gold,  which  has  been 
used  in  the  construction  of  mathematical  instruments :  and  rhodium 
has  been  employed  for  pointing  the  nibs  of  pens.  Iridium  and  os- 
mium do  not  appear  to  have  been  applied  to  any  useful  purpose; 
nor  do  the  eompoonds  of  either  of  these  four  metals  reqaiie  to  be 
further  noticed. 

495.  8ach  is  an  outiine  of  the  character  and  composition  ef  the 
Tarious  simple  ingredients  of  which  the  material  world  around  ua 
is  composed.  It  can  hardly  be  expected  that  we  should,  in  a 
treatise  like  this,  enter  into  an  elaborate  statement  of  all  the 
various  forms  which  they  present  when  combined.  It  will,  be- 
sides, be  in  course  to  stale,  when  treating  of  mining,  of  the  methods 
of  ascertaining  the  chemical  nature  of  ores — and,  under  the  head 
of  mineralogy,  we  shall  give  some  brief  views  of  the  general  con- 
stituenls  of  mineral  substances.  Bat  it  will  be  proper  here  to 
exhibit  an  application  of  the  j^rinci^les  of  chemistry  to  certain 
other  important  subjects  of  which  this  science  is  justly  regarded 
as  an  indispensable  groundwork.  These  are  the  ehemicu  com- 
binations found  in  the  vegetable  and  animal  kingdomSt  considered 
as  separate  departments  of  natoral  history,  the  nature  of  soils  and 
the  character  of  mineral  waters.  Previously  to  the  consideration 
of  these  topirs,  it  will  be  proper  for  us  to  axplaiA  aooM  of  the 
methods  oi'  analysis. 

Analysis. 

42G.  This  word  is  applied  by  chemists  to  denote  that  se- 
ries of  operations  by  which  the  component  parts  of  bodies  are 

How  is  fulminating  gold  procured  ? 

What  is  the  relative  weight  of  platina  compared  with  other  medals  1 
What  mechanical  processes  may  be  perlbnaed  on  platina  at  a  high  tcoBp^ 
perature?   How  may  it  be  combmed  with  oxygen  f 
What  UM  has  been  made  ef  the  metal  palladium  ? 
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detennined,  whether  they  be  merely  seu^rated,  or  exhibited  apart 
from  each  other ;  or  whether  these  disttncliTe  properties  be  ezbi- 
bited  by  causing  them  to  eoter  into  new  combinations. 

AmiitfiU  of  SaHhs  and  Siomt, 

*  427.  The  first  step  in  the  examination  of  indurated  earths  or 
stones,  is  somewhat  differfint  from  that  of  such  as  are  piilvprulent. 
Their  specific  gravity  should  first  be  examined ;  also  their  hard- 
ness, whether  tney  will  strike  fire  with  steel  or  can  be  scratched 
by  the  nail,  or  only  by  crystal,  or  stones  of  still  greater  hardness; 
also  their  texture,  penrionsness  to  light,  and  wliether  they  be 
manifestly  homogeneous  or  compound  species,  &c. 

428*  (2d.)  In  some  cases  we  should  tr^  whether  they  imbibe 
water,  or  whether  water  can  extract  any  thmg  from  them  by  ebul- 
lition or  digestion. 

(3£^.)  "Whether  they  be  soluble  in,  or  effervesce  with  acids,  be- 
fore or  after  piilverization ;  or  whether  decomposable  by  boiling" 
in  a  strong  solution  of  potash,  &.c.  as  gypsums  and  ponderous 
spars  are. 

(4M.)  Whether  they  detonate  with  nitre* 

{5th,)  Whether  they  yield  the  fluoric  acid  by  distillation  with 
sulphuric  acid  or  ammonia,  by  distilling  them  with  potash. 

(6lA.)  Whether  they  be  fusible  per  ae  with  a  blowpipe,  and  bow 
they  are  affected  by  soda,  borax,  and  microcosooic  salt;  and 
whether  they  decrepitate  when  gradually  heated. 

{1th.)  Stones  that  melt  per  se  with  the  blowpipe  are  certainly 
compound,  and  contain  at  least  three  species  of  earth,  of  which 
the  calcareous  is  probably  one ;  and  if  they  give  fire  with  steel, 
the  sileceous  is  probably  another. 

489«  Of  the  primary  earths,  only  four  are  usually  met  with  in 
iastnerate,  viz.  silica,  alumina,  magnesia,  and  lime,  associated  with 
some  metallic  oxides,  which  are  commonly  iron,  manganese, 
nickel,  copper,  and  chromium. 

/  430.  If  neither  acid  ^  alkali  be  expected  to  be  present,  the 

mineral  is  mix^^d  in  a  silver  crucible,  with  thrice  its  weight  of 
pure  potash  and  a  little  water.  Heat  is  gradually  applied  to  the 
covered  crucible,  and  is  finally  raised  to  redness;  at  which  tem- 
perature it  ought  to  be  maintained  for  an  hour.  If  the  mass,  on 
inspection,  be  a  perfect  glass,  silica  may  be  regarded  as  the  chief 
constituent  of  the  stone  ;  but  if  the  vitrification  be  very  imperfect, 
and  the  bulk  much  increased,  alumina  may  be  supposed  to  piedo- 
minate«  A  brownish  or  dull  green  colour  indicates  the  presence 
of  iron ;  a  bright  grass-green,  which  is  imparted  to  water,  that  of 

How  is  the  tetm  anal)^ia  applied  by  chemists  ? 
What  is  the  finrt  step  in  the  eiamination  of  tlones  or  earths  ? 
What  are  the  several  proceasse  after  die  gravity  and  hardness  ol  a  mi* 
neral  have  been  aacertained. 
How  many  of  the  primary  earths  usually  occur  in  iQinemls  f 
In  what  manner  are  minerals  dentituie  of  acids  and  alkalies  to  be  treated  t 
How  is  tlie  pieaence  of  silica  indiGnted  in  the  eoone  of  an  analysis  Y 
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miiT  be  «ir<- 

pected*  The  eraeible,  stin  a  Httle  hot,  beine  fint  wiped,  is  put 
into  a  eapeule  of  poteelain  or  platimifiB$  wien  warm  distilled 
water  is  poured  upon  the  alkaline  earthy  mass,  to  detach  it  from 
the  crucible.  Having  transferred  the  whole  of  it  into  the  capsule, 
muriatic  acid  is  poured  on,  and  a  gentle  heat  applied,  if  nocessary, 
to  accomplish  its  solution.  If  the  liquid  be  of  an  orange-red 
•colour,  we  infer  the  presence  of  iron ;  if  of  a  prolden-yellow,  that 
of  chromium  ;  and  it  of  a  purplish-red,  that  of  manganese. 

431,  The  solution  is  next  to  be  evaporated  to  dryness  on  a  9uA 
bath,  or  OTsr  a  lamp,  taking  esie  so  to  legtilate  the  heat  Ibat  bo 
partielee  be  thrown  ont.  Towards  the  end  of  the  evaporatloD,  it 
assumes  a  gelatinous  consistence.  At  this  period  it  most  be 
stirred  fieqnently  with  a  platinum  apatula  or  glass  rod,  to  promote 
the  disengagement  of  the  muriatic  acid  gas.  After  this,  the  lieafc 
may  be  raised  to  fully  212°  F.  for  a  few  minutes. 

432.  Hot  water  is  now  to  be  poured  on  in  considerable  abun- 
dance, which  dissolves  every  thing  excopt  the  silica.  By  filtra- 
tion, this  earth  is  separated  from  the  liquid  ;  and  being  washed 
with  hot  water,  it  is  then  dried,  ignited,  and  weighed.  It  consti- 
tutes a  fine  white  powder,  insoluble  in  acids,  and  feeling  gritty 
between  the  teeth.  If  it  be  eolonred,  a  little  dilate  mariatic  aeia 
must  be  digested  on  it,  to  remove  the  adherinif  metallic  particles, 
which  must  be  added  to  the  first  solution.  T^is  must  now  be  re* 
dnced  by  evaporation  to  the  bulk  of  half  a  pint.  Carbonate  of 
potash  being  then  added  till  it  indicates  alkaline  excess,  the  liquid 
must  be  made  to  boil  for  a  little.  A  copious  precipitation  of  the 
earth  and  oxide  is  thus  produced,  '^Hie  whole  is  thrown  on  a 
filter,  and  after  it  is  so  drained  as  to  assume  a  semi-solid  consist- 
ence, it  is  removed  by  a  platinum  blade,  and  boiled  in  a  capsule 
for  some  time,  with  solution  of  pure  potash..  Alumina  and  glu- 
cina  are  thus  dissolved,  while  the  other  earths  and  the  metallic 
oxides  remain. 

483.  This  allcalino-earthj  solution,  seoarated  from  ilie  rsst  by 

filtration,  is  to  be  treated  witii  an  excSm  of  muriatic  acid;  aim 
which  carbonate  of  ammonia  being  added  also  in  excess,  the 
alumina  is  thrown  down,  while  the  glucina  continues  dissolved. 
The  first  earth  separated  by  filtration,  washed,  dried,  and  i<rnitcd, 

fives  the  quantity  of  alumina.  The  nature  of  this  may  be  further 
emonstrated,  by  treating  it  with  dilute  sulphuric  acid  and  sul- 
phate of  potash,  botU  in  equivalent  quantities,  when  the  whole 
will  be  converted  into  alum.  The  filtered  liquid  will  deposit  its 
glucina,  on  dissipating  the  ammonia  by  ebullition.  It  is  to  be 
separated  by  filtration,  to  be  wa^ed,  ignited,  and  weighed. 

434.  The  mingrled  metallic  oxides  must  be  digested  with  abun- 
dance of  nitric  acid,  to  acidify  the  chromium.  The  liquid  is  next 
tri^ated  with  potash,  which  forms  a  soluble  chromate^  while  it 

How  is  the  presence  of  iron  inf^-  rrod  ? 

How  are  earthy  materitda  ae^iirated  from  the  aolution  of  a  mixiontl  t 
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throws  down  the  iron  and  nickel.  The  chromic  acid  may  be  se- 
parated from  the  potash  by  muriatic  acid  and  digestion  with  heat, 
washed,  dried- till  it  beomss  a  gieen  oxide^  sad  weighed.  The 
nickel  is  seasoaed  iroA  the  iroa,  by  ireatinff  their  solotioii  in 
muriatic  acid  with  water  of  ammonia.  The  Tatter  oxide,  which 
£illSf  may  he  separated  by  the  filter,  dried,  and  weighed.  By 


heat,  the  ammoniacal  salt  will  sublime,  and  leave  the  oxide  of  - 
nickel  behind.  The  whole  separate  weights  must  now  be  col- 
lected in  one  amount,  and  if  they  constitute  a  surn  within  two  per 
cent,  of  the  primitive  weifrht,  the  analysis  may  be  regarded  as 
giving  a  satisfactory  account  of  the  composition  of  the  mineral. 
But  if  the  deficiency  be  considerable,  then  some  volatile  ingre* 
dient,  or  some  allmli  or  alkaline  salt,  may  be  saspected. 

435.  A  portion  of  the  mineral,  biokeii  into  conali  fragmentSf 
is  to  be  ignited  in  a  porcelain  retort,  to  which  a  refrigenited  re- 
ceiver is  fitted.  The  water,  or  other  volatile  or  condensable  mat- 
ter, if  any  be  present,  will  thus  be  obtained.  But  if  no  loss  of 
weight  be  sustained  by  ignition,  alkali,  or  a  volatile  acid,  may  be 
looked  for.  The  latter  is  usually  the  fluoric.  It  may  be  expelled 
by  digestion  with  sulphuric  acid.  It  is  exactly  characterized  by 
its  property  of  corroding  glass. 

436.  Beside  this  general  method,  some  others  may  be  used  in 
particular  cases.  Thns,  to  discover  a  small  proportion  of  alumina 
or  magnesia  in  a  solution  of  a  large  quantity  of  lime,  pure  ammo- 
nia may  be  applied,  which  will  precipitate  the  alumina  or  magne- 
sia, (if  any  there  be.)  but  not  the  lime.  Distilled  vinegar  apj^ied 
to  the  precipitate  will  discover  whether  it  be  alumina  or  magnesia* 

437.  (Jidh/.)  A  minute  portion  of  lime  or  baryta,  in  a  solution 
of  alumina  or  magnesia,  may  be  discovered  by  the  sulphuric  acid, 
which  precipitates  the  lime  and  baryta:  the  solution  should  be 
dilute,  else  the  alumina  also  would  be  precipitated.  If  there  be 
not  an  excess  of  acid,  the  oxalic  acid  is  still  a  nicer  test  of  lime. 

438.  (3<%.)  A  minute  proportion  of  alumina  in  a  large  quantity 
of  magnesia  may  be  dtscOVered,  either  by  precipitating  the  whole 
and  treating  it  wiHi  distilled  vinegar ;  or  by  heating  the  solution 
nearly  to  ebullition,  and  adding  more  carbonate  of  magnesia  until 
the  solution  is  perfectly  neutral,  which  it  ney^  is  when  alumina 
is  contained  in  it,  as  this  requires  an  excess  of  acid  to  keep  it  iir 
solution. 

439.  (4/A/y.)  A  minute  portion  of  mag^nesia  in  a  large  quan- 
tity of  alumina,  is  best  separated  by  precipitating  the  wholCt  and 
treating  the  precipitate  with  distilled  vinegar. 

How  are  nickel  and  iron  separated  ? 

How  is  the  presence  of  fluoric  acid  detected  in  the  course  of  an  analysis  t 
What  teat  detects  the  presence  of  alumina  or  magnesia  ia  a  luge  qoao- 
iityeflimef 

How  is  a  small  piopor^  of  aluaiuia  known  to  eiiit  In  a  laige  quaii- 
ilty  of  magneeie! 
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440.  (Lastli/.)  Lime  and  baryta  are  separated  by  precipitating 
both  with  the  sulphoricacid,  and  evaporating  the  Mention  to  a  small 
eompass,  pouring  off  Um  liquor*  and  tioatiiif  tho  dried  precipitate 
with  500  timet  its  weight  of  Mlinf  water :  wliat  feiaiaa  aodie- 
aelTed  is  sulphate  of  barytt. 

441.  Sir  H.  Davr  observes,  that  boracic  acid  is  very  useful  in 
•oalyaiog  stones  that  contain  a  fixed  alkali ;  as  its  attraction  for 
the  different  earths  at  the  heat  of  itrnition  is  considerable,  and  the 
compounds  it  forms  with  them  are  rasily  deromposed  by  the 
mineral  acids  dissolved  in  water.  *  Lately,  carbonate  or  nitrate  of 
baryta,  and  carbonate  with  nitrate  of  lead  have  been  introduced 
into  mineral  analysis  with  great  advantage,  for  the  fluxing  of 
stoaes  that  may  contaiii  alkaline  matter. 

VegeiMe  Kmgdm. 

'  442.  The  principles  of  which  vooretables  are  composed,  if  we 
pursue  their  analybis  as  far  as  our  means  have  hitherto  allowed, 
are  chiefly  carbon,  hydrogen  and  oxygen.  Nitrogen  Isaconeti- 
toent  principle  of  eeveral*  but  for  the  most  part  in  small  quantity. 
Potasn,  soda,  lime,  magnesia,  silex,  alumina,  sulphur,  phospho- 
rus, iron,  manganese,  and  muriatic  acid  have  likewise  been 
reckoned  in  the  number ;  but  some  of  these  occur  only  occasionally, 
and  chiefly  in  very  small  quantities ;  and  are  scarcely  more  enti- 
tled to  he  considered  as  belonging  to  them  than  gold,  or  some 
other  substances  that  have  been  occasionally  procured  from  their 
decomposition. 

4  13.  The  following  are  the  principal  products  of  vegetation 
(1.)  Sugar,  CrysUllizes;  soluble  in  water  and  alcohol;  taste 

sweet ;  soluble  in  nitric  acid*  and  yields  oxalic  acid. 
(2.)  ^breoeotf.   Does  not  eiystalliae;  soluble  in  water  and 

alcohol;  taste  bitter  sweet;  soluble  in  nitrie  8oid»  and  yields 

oxalic  acid. 

(3. J  Jxparagtn,  Crystallizes;  taste  cooling  and  nauseous; 
soluble  in  hot  water;  insoluble  in  alcohol ;  soluble  in  nitric  scid» 
and  converted  into  bitter  principle  and  artificial  tannin. 

444.  (4.)  Gum.  Does  not  crystallize;  taste  insipid ;  soluble 
in  water,  and  forms  mucilage;  insoluble  in  alcohol;  precipitated 
by  silicated  potash ;  soluble  in  nitric  acid,  and  forms  mucous  and 
oxalic  acids. 

(5.)  Uhnin^  Does  not  crystallise;  taste  insipid;  soluble  in 

How  are  lime  and  baryta  separated  ?  * 

Kor  what  punxjse  is  Ijoracic  acid  useful  in  analysis  ? 

For  what  analyses  are  carbonates  and  nitrates  oi  baryta  and  lead  useful ! 

What  are  the  simple  ■ubstancet  chiefly  employed  m  the  ompontion  of 

Vejjetablos  ? 

What  earthy  and  metallic  ingredients  are  occiMonally  met  with  in  ve- 
getable subslances  ? 
What  are  the  properties  of  sugar*  ssroooifll,  and  aspsTsgln  f 
What  comnonpnopeitiM  have f  Ida  sad  alsitNt 
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water,  vati,  does  not  form  mucilage ;  precipitated  by  nitric  and 
hydroobloric  add  in  the  state  of  resio ;  iMoliible  in  «tediol« 

(G.)  bwUn.  A  wliite  powder;  inaolnble  in  eold  water;  sola* 
ble  ia  boiling  water;  but  precipitates  unaltered  afier  tbe  solution 
oools;  insoluble  ia  aleohol;  aolabl^in  nitrie  aoid»  aad  yielda 
oxalic  acid. 

•  445.  (7.)  Starch,  A  white  powder ;  tastp  insipid  ;  insoluble 
in  cold  water;  soluble  in  hot  water;  opaque  and  glutinous;  pre- 
cipitated by  an  infusion  of  nut-galls ;  precipitate  re-dissolved  by 

a  heat  of  120*^ ;  insoluble  in  alcohol ;  soluble  in  dilate  nitric  acid,  . 
and  precipitated  by  alcohol  ^  with  nitric  acid  yields  oxalic  acid 
and  a  waxy  matter. 

(8.)  Indigo.  A  blue  powder,  taete  insipid ;  ineduble  in  watery 
aleohol,  ether ;  soluble  in  sulphurie  acid ;  soloble  in  nitrie  ^eid, 
and  converted  into  bitter  principle  and  artificial  tannin* 

(9.)  Gluten,    Forms  a  ductile  elastic  maes  with  water;  par- 
i^tially  soluble  in  water ;  precipitated  by  infusion  of  nut-galls  and 

*  oxygenized  muriatir:  acid  ;  soluble  in  acetic  acid  and  muriatic 
acid  ;  insoluble  in  alcohol ;  by  fermentation  becomes  viscid  and 
adhesive,  and  then  assumes  the  properties  of  chees^^  soluble  in 
nitric  acid,  and  yields  oxalic  acid. 

446.  (10.)  Albumen,  Soluble  in  cold  water  ;  coagulated  by 
heat,  and  becomes  insoluble ;  insoluble  in  alcohol ;  precipitated 
by  infusion  of  nQtjnlla;  soluble  in  nitric  acid;  soon  putrefies. 

(11.)  Ptkrifu  Tasteless;  insoluble  in  water  and  alcohol;  so* 
luble  in  diluted  alkalies,  and  in  nitric  acid  ;  soon  putrefies. 

(12.)  Gelatin*  Insipid;  soluble  in  water  ;  doee  not  coagulate 
when  iieated ;  precipitated  by  infusion  of  galls. 

(13.)  Bitter  prinrtph.  Colour  yellow  or  brown  ;  taste  bitter; 
equally  soluble  in  water  and  alcohol;  soluble  in  nitric  acid;  pre- 
,  cipitated  by  nitrate  of  silver. 

447.  (14.)  Exiractive,  Soluble  in  water  and  alcolu*! ;  insoluble 
in  ether ;  precipitated  by  oxygenized  muriatic  acid,  muriate  of 
tin,  and  muriate  of  alumina ;  but  not  by  gelatin ;  dyea  fewn  colour. 

(15.)  TVmntn.  Taste  astringent;  soiiible  in  water  and  in  alco- 
hol of  sp.  grav.  0.810;  precipitated  by  gelatin,  muriate  of  aluriiina, 
and  muriate  of  tin. 

(16.)  Fixed  oils.  No  amell ;  insoluble  in  water  and  alcohol; 
form  soaps  with  alkalies ;  coagulated  by  earthy  and  metallic  salts. 

(17.)  Wax,  Insoluble  in  water;  soluble  in  alcohol,  ether,  and 
oils;  forms  soap  with  alkalies;  fusible. 

418.  (18.)  yolatile  oil.  Strong  smell;  insoluble  in  water; 
soluble  in  alcohol ;  liquid  ;  volatile  ;  oily ;  by  nitric  acid  inflamed, 
and  converted  into  resinous  substances.  * 

« 

What  difference  of  properties  exists  between  inulin  and  ttardi  ? 

What  are  the  pcruhar  properties  of  indigo?  AVhnt  are  the  distinctive 
cliaraeiera  uf  gluten  ?  How  are  albumen,  fibrin,  and  gelatin  distinguished  ? 

Give  the  rospccdTe  distinevve  diaiacteis  or  bitter  principle,  extnustive, 
and  tannin.  Wliat  are  the  marlied  diflerences  between  nxed  oils,  waxt 
and  volatile  oils  I 
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(19.)  Camphor.  Strooffodoiir ;  cryttalliiM;  wrMtlle  tciiible 
in  watw;  aolalile  in  aleonol,  oil9,  teida;  insolnbfe  in  mlMwwi; 
barns  with  a  elear  flame,  and  volatilizes  before  melting. 

(20.)  Birdlime,  Viscid;  tanle  insipid;  insoluble  in  water; 
partially  soluble  in  alcohol  ;*yeiy  aoluble  in  ether ;  eolation  g^reen* 

419.  (21.)  Resins,  Solid  ;  melt  when  heated  ;  insoluble  in 
water;  soluble  in  alcohol,  eiher,  and  alkalies;  soluble  in  acetic 
acid ;  by  nitric  acid  converted  into  artificial  tannin. 

(22.)  Guaiactun.  Possesses  the  characters  of  resins;  but  dis- 
solves in  nitric  acid,  and  yields  oxalic  acid  and  no  tannin. 

(23.)  Bakams,  Possess  the  characters  of  the  resins,  but  have 
n  Btronf  smell ;  when  heated,  benzoic  acid  snblimes  ^  it  snbUroen 
flbK»  when  thej  are  dissolved  in  sulphuric  add ;  by  nitric  acid 
converted  into  artificial  tannin* 

450.  (34.)  Caoutchouc.    Very  elastic ;  insdnble  io  water  and 
alcohol ;  when  steeped  in  ether,  reduced  to  a  pulp,  which  ad-> 
heres  to  eveiy  thing;  fosibley  and  remains  liqnia;  veiy  combos-  • 
tible. 

(25.)  Gum  resins.  Form  milky  solutions  with  water,  transpa- 
rent with  alcohol ;  soluble  m  alkalies  ;  with  nitric  acid  converted 
into  tannin;  strong  smell ;  brittle,  opaque,  infusible. 

(26.)  Cotton,  Composed  of  fibres;  tasteless;  ver^  combusti- 
ble; insoluble  in  water,  alcohol,  and  ether;  soluble  u  alkaHes; 
yields  oxalic  acid  and  nitric  acid. 

451.  ([27.)  Subtr,  Burns  bright  and  swells ;  converted  h^ 
nitric  acid  into  snberie  acid  and  wax ;  {mrtially  sdoUe  in  water 
and  alcohol. 

(28.)  Wood.  Composed  nf  fibres,  tasteless;  insoluble  in  water 
and  alcohol;  soluble  in  weak  alkaline  lixivium;  precipitated  by 
acids  ;  leaves  much  charcoal  when  distilled  in  a  red  beat;  soluble 
in  nitric  acid,  and  yields  oxalic  acid. 

452.  To  the  preceding  we  may  add,  emetin,  fung"in,  hematin, 
nicotin,  pollenin,  solanine,  caffein,  narcotine ;  the  new  vegetable 
alkalies,  aconita,atropia,  bruoia,  einchonia,  dcata,  datura,  delphia, 
byoBciama,  morphia,  picrotoxta,  quinia,corydalia,  gaarania,8troii- 
tia,  veratria;  and  various  vegetable  acids. 

MM.  Dnmas  and  Pelletier  have  published  a  memoir  on  the  ele- 
mentary composition  and  certain  characteristic  properties  of  the 
organic  salifiable  bases  (vegeto-alkalies.)  The  followinor  ig  a 
tabular  view  of  the  relations  of  carbon  and  asote  in  these  alkaline 
bodies. 


What  are  die  distinctive  chameten  of  camphor  t  bird-lime  f 

What  similarities  and  what  diflarences  are  remaiked  between  reims  and 

balsams  ? 

How  are  gum  resins  characterized  ? 

In  what  substances  is  ootton  tolublef 

What  produr-t  does  it  yield  when  tested  with  nitric  acidt 

In  what  substancea  is  suber  soluble  ?  in  what  is  wood  soluble  \ 
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»  Azote. 

100 

5  1 

inn 

^  0 

1  f\fi 
lUU 

4  Q 

100 

4.5 

Brucina, 

100 

5.0 

Morphia^ 

100 

3.2 

Yeratria, 

100 

3.3 

Emetin, 

100 

3.1 

Caffein, 

100 

.  30.0 

JbuUjfsia  of  Fegetabk$» 

( .  453.  The  anali/sta  of  vegetables  requires  yarious  manipulations 
and  peculiar  attention,  as  their  principles  are  eztremelT  liable  to 
be  altered  by  the  processes  to  wbidi  they  are  sobjeeted.  It  was 
long  before  this  analysis  was  brought  to  any  degree  of  perfection. 

454.  Some  of  the  immediate  materials  of  vegetables  are  sepa« 
rated  to  our  hands  by  nature  in  a  state  of  greater  or  less  purity; 
as  the  g'nms,  resins,  and  balsams,  that  exude  from  plants.  The 
expressed  juices  contain  various  matters  that  may  be  separated 
by  the  appropriate  reagents.  Maceration,  infusion,  and  decoction 
in  water,  take  up  certain  parts  soluble  in  this  menstruum;  and 
alcohol  will  extract  others  that  water  wili  nut  dissolve. 

455.  As  the  ultimate  constituents  of  all  vegetable  substances 
are  carbon,  hydrogen,  and  oxygen,  with  occasioaaUy  azote,  the 
l^blem  of  tiieir  final  aadysis  lesidTes  into  a  metfaiod  of  aseei^ 
laining  the  proportion  of  these  elementary  bodies.  MM*  Gay 
LuBsac  and  Thenard  contrived  a  very  elegant  apparatus  for  vege» 
table  and  animal  analysis,  in  which  the  matter  in  a  dried  state  was 
mixed  with  chlorate  of  potash,  and  formed  into  minute  pellets. 
These  pellets  being  projected  through  the  intervention  of  a  stop- 
cock of  peculiar  structure  into  an  ignited  glass  tube,  were  instantly 
resolved  into  carbonic  acid  and  water.  The  former  product  was 
received  over  mercury,  and  estimated  by  its  condensation  with 
potash ;  the  latter  was  intercepted  by  ignited  mnriate  of  lime,  and 
was  measured  by  the  increase  of  wei|^t  which  it  commnnicates 
to  this  sabstance.  By  previoos  trials,  the  quantity  of  oxygen 
which  a  given  weight  of  the  chlorate  of  potash  yielded  by  igni- 
tion was  known;  and  hence  the  carbon,  hTdrogen,  and  oxygen, 
derived  from  the  organic  substance,  as  well  as  we  residnal  azote 
of  the  gaseous  products  were  determined.  • 

456.  M.  Berzelius  modified  the  above  apparatus,  and  employed 
the  organic  products  in  combination  with  a  base,  generally  oxide 
of  lead.  He  mixed  a  certain  weight  of  this  neutral  compound 
with  a  known  (quantity  of  pure  chlorate  of  potash,  and  triturated 
the  whole  with  a  large  quantity  of  muriate  of  soda,  for  the  pur- 

What  proDortiuQs  have  the  vegeto-^lkalies  been  found  to  contain  of 
carbonic  mem  and  asotet  What  areuniBtanee  renden  Tegelable  analysis 

more  difficult  than  that  of  minerals  ? 

What  is  the  great  question  to  be  solved  in  the  analysis  of  vegetables? 
How  did  Uay  Loraac  and  Thenard  execute  their  analysea  7 
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pose  of  moderating  the  subsequeRt  combustion.  This  mingled 
dry  powder  is  put  into  a  glass  tube  about  half  an  inch  in  diameter, 
and  eight  or  trn  inches  long,  which  is  partially  enclosed  in  a  told 
of  tin-plate,  hooped  with  iron  wire.  One  end  of  the  tube  is  her- 
metically sealed  beforehand,  the  other  is  now  drawn  to  a  pretty 
fine  point  by  the  blowpipe.  This  termination  is  inserted  into  a 
glass  globe  about  an  inch  in  diameter,  which  joins  it  to  a  long 
tube  containing  dry  muriate  of  lime  in  its  middle,  nnd  dipping  at 
its  other  extremity  into  the  mercury  of  a  pneamatie  trongti.  The 
first  tttbe«  with  its  proteetinff  tin  case,  bein^  exposed  grad  ually  to  ig- 
nition, the  enclosed  materiala  are  reeolTed  mto  carbonic  acidy  water, 
and  azote,  which  come  over,  and  are  estimated  as  above  described. 

457.  M.  Gay  Liissac  has  more  recently  employed  peroxide  of 
copper  to  mix  with  the  organic  substance  to  be  analyzed  ;  because, 
while  it  yields  its  oxygen  to  hydrogen  and  carbon,  it  is  not  acted 
on  by  azote  ;  and  thus  the  errors  resulting  from  the  formation  of 
nitric  acid  with  the  chlorate  of  potash  are  avoided.  Berzelius  has 
afforded  satisfactory  evidence  by  his  analyses,  that  the  simpie 
apparatus  which  he  employed  is  adequate  to  every  purpose  of 
enemieal  lesearch.* 

Animal  Kingdom, 

458.  Animal  bodies  may  be  considered  as  peculiar  apparatus 
for  carrying  on  a  determinate  series  of  chemical  operations.  Ve- 
getables seem  capable  of  opeiating  with  fliuda  only*  and  at  the 
tempeiatnra  of  the  atmoapbefe*  moat  animala  have  a  provi* 
Mon  for  meehanioallj  dividing  solids  by  UMStleMlon,  whicli  aa- 
swers  the  same  purpose  as  grrindin^,  poundings,  or  levtfiatioii  does 
in  onr  experiments ;  that  is  to  sayt  it  enlaigea  tiie  qaaatilgr  of  eav- 
/ace  to  be  acted  upon  by  ssolvents. 

459.  The  process  carried  on  in  the  stomach  appears  to  be  of  the 
same  kind  as  that  which  we  distinguish  by  the  name  of  digestion; 

What  method  did  Berzelius  employ  to  obtain  and  estimate  the  compo> 

jients  of  vegetable  matter  \ 
In  what  light  may  animal  bodies  be  considered? 

*  Perhaps  one  of  the  most  curious  substances  of  a  vegetable  character 
that  has  hitherto  been  analyzed,  is  the  inflammable  snow  which  fellon  the 
11th  of  April,  1832,  not  far  from  Wolokalamsk,  and  covered  a  consider- 
able eitent  of  ground  to  the  depth  of  <me  or  two  inches.   This  substance 
was  of  a  yellowish  tint,  trnnf  parent,  soft,  and  elastic  ;  insipid,  but  having 
the  odour  of  rancid  oil.    Its  sp.  grav.  was  1.1.   It  melted  when  heated  in 
a  close  vessel,  and  yielded,  by  distillation,  the  usual  products  of  vegetaUe 
Bubetances,  leaving  a  brilliant  charcoal.   It  bameo  with  a  bhie  flame, 
without  smoke  ;  was  insoluble  in  cold  water,  but  melted  and  floatod  oa 
the  surface  of  boiling  water ;  was  di^lved  by  boiling  alcohol,  and  in  car- 
bonate of  soda,  and  acids,  and  threw  down  from  this  latter  solution  a  yel- 
low viscid  substance,  soluble  in  oold  alcohol,  and^which  oontained  a  pe* 
culinr  acid.  The  analysis  by  means  of  the  oxide  of  eopper,  gave  fcooa 
tills  substance — 

Carbon,  ...••••«  0.615.  ^ 
Hydrogen,   0.070.  \  1.000. 

Orypen,  0.315.  ) 

M.  Hermon,  who  analyzed  this  eubslance,  gave  ii  the  name  of  oil  of 
AeaMfi.  Tbis  material  is  supposed  to  be  the  pollen  of  pine  or  fir  true luii 
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and  the  bowels,  whatever  other  uses  they  may  serve,  evidently 
form  an  apparatus  for  filtering  or  conveyinor  off  the  fluids  ;  while 
the  more  solid  parts  of  the  aliments,  which  are  probably  of  such 
a  nature  as  not  to  be  rendered  fluid,  but  by  an  alteration  which 
would  pertiaM  destroy  the  texture  of  the  machine  itself,  are  lo* 
jeeted  as  useless. 

460.  When  this  filtered  flaid  passes  into  the  circulatory  Tesselsy 
through  which  it  is  driven  with  eonsiderable  velocity  by  the  me- 
chanical  action  of  the  heart,  it  is  subjected  not  only  to  all  those 
changes  which  the  chemical  action  of  its  parts  is  capable  of  pro- 
ducing, but  is  likewise  exposed  to  the  air  of  the  atmosphere  in 
the  lungs,  into  which  that  elastic  fluid  is  admitted  by  the  act  of 
respiration.  Here  it  undergoes  a  change  of  the  same  nature  as 
happens  to  other  combustible  bodies,  when  they  combine  with  its 
▼iuu  part,  or  oxygen.  This  vital  part  becomes  condensed,  and 
combines  with  the  blood,  at  the  same  time  that  it  gives  out  a  large 

Suantity  of  heat,  in  consequence  of  its  own  capacity  for  heat 
eing  diminished.  A  small  pmrltoii  of  azote  likewise  is  absorbed, 
and  carbonic  aeid  is  givea  out* 

461.  Some  curious  experiments  of  Spallanzani  show,  that  the 
lungs  are  not  the  sole  orjrans  by  which  these  changes  are  effected. 
Worms,  insects,  shells  of  land  and  sea  animals,  e^g  shells,  fishes, 
dead  animals,  and  parts  of  animals,  even  after  they  have  become 
putrid,  are  capable  of  absorbing  oxygen  from  the  air,  and  giving 
out  carbonic  acid.  They  deprive  atmospheric  air  of  its  oxygen 
as  eompletely  as  phosphorus.  Shells,  however,  lose  this  property 
when  weir  organmtiQa  is  destroyed  by  age.  Amphibia,  deprivea 
of  their  lungs,  lived  much  longer  in  the  open  air,  than  others  in 
air  destitute  of  oxygen.  It  is  remarkable,  that  a  larval  weighing 
a  ^w  grains,  would  consume  idmost  as  much  oxygen  in'a  given 
time,  as  one  of  the  amphibia  a  thousand  times  its  bulk. 

462.  The  following  are  the  peculiar  chemical  products  of  ani- 
mal orj3;^nization : — Gelatin,  albumen,  fibrin,  fat,  caseous  matter, 
colouring  matter  of  blood,  mucus,  urea,  picromel,  osmazome, 
sugar  of  milk,  and  sugar  of  diabetes.  The  compound  animal 
pro^cts  are  the  various  solids  and  fluids,  whether  healthy  or 
moffid,  that  are  found  in  the  animal  body;  sueh  as  muscle,  skin, 
bone,  blood,  nrtne,  bile,  morbid  coneretions,  brain,  &c. 

463.  When  animal  substances  are  left  exposed  to  the  air,  or 
immersed  in  water  or  other  fluids,  they  suffer  a  spontaneoaa 
change,  which  is  more  or  less  rapid  according  to  circumstances; 
The  spontaneous  change  of  organized  bodies  is  distinguished  by 
the  name  of  fermentation.  In  vegetable  bodies  there  are  distinct 
stages  or  periods  of  this  process,  which  have  been  divided  into 

Whst^hsmicai  oflice  does  the  tfomach  of  animab  perform? 

Intu  what  vewela  do  the  liquids  jEtCtretf  1^  the  alimentary  canals  next  pass  f 

What  curious  fads  has  Spallanzani  observed  in  regard  to  the  respiration 
of  animal«  ?  What  are  the  products  of  the  proceaaes  performed  by  the  or- 
gans of  animals  f 

li  <.  toi^pd^  ,^.,1-.  i..^  ^ 
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?iaOil8f  aoetjMU,  «nd  putrefaclive  fermentations.  Animal  sub- 
stances are  susceptible  only  of  the  two  latter,  during:  which,  as 
in  all  other  spontaneous  changes,  the  combinations  of  chemical 
rinciples  become  in  general  more  and  more  simple.  There  is  no 
oubt  but  much  instruction  might  be  obtained  from  accurate  ob- 
servations of  the  putrefactive  processes  in  all  their  several  varie- 
ties and  situations ;  but  the  loathsomeness  and  danger  attending 
on  sueh  ioqairies  have  kitberto  greatly  retaided  our  progresa  in 
this  department  of  ehemioal  science. 

Soils, 

4Gi.  The  soil  or  earth  in  which  vegetables  grow  varies  con- 
siderably in  its  composition,  or  in  the  proportions  of  the  different 
earths  of  which  it  consists;  and  some  plants  are  found  to  thrive 
best  in  one  kind  of  soil,  others  in  another. 

405.  In  cases  where  a  barren  soil  is  examined  with  a  view  to 
its  improvement,  it  ou^hl  in  all  cases,  if  possible,  to  be  compared 
with  an  extremely  fertile  soil  in  the  same  neighbourhood,  and  ia 
a  similar  situation :  the  difference  given  by  their  analyses  would 
indicate  the  methods  of  cultivation,  and  thus  the  plan  of  im^ove- 
ment  would  be  founded  upon  accurate  scientific  principles. 

466.  If  the  fertile  soil  contained  a  large  quantity  of  sand,  in 
proportion  to  the  barren  soil,  the  process  of  melioration  would 
depend  simply  upon  a  supply  of  this  substance;  and  the  method 
would  be  equally  simple  with  regard  to  soils  de&cient  in  clay  or 
calcareous  matter. 

467.  In  the  application  of  clay,  sand,  loam,  marl,  or  chalk,  to 
lands,  there  are  no  particular  chemical  principles  to  be  observed  ; 
but  when  quicklime  is  used,  ^retii  care  must  be  taken,  that  it  it* 
not  obtained  from  the  magnesian  limeatone ;  for  in  this  case«  as  haa 
been  shown  by  Mr*  Tennant,  it  is  exceedingly  injurious  to  land* 
The  magnesian  limestone  may  be  distinguished  from  the  common 
limestone  by  its  greater  hardness,  and  by  the  lencth  of  time  thai 
it  requires  for  its  solution  in  acids;  and  it  may  oe  anidyaad  by 
the  process  for  carbonate  of  lime  and  majrnesia. 

468.  When  the  analytical  comparison  indicates  an  excess  of 
vegetable  matter  as  the  cause  of  sterility,  it  may  be  destroys  by 
much  pulverization  and  exposure  to  air,  by  paring  and  burning, 
or  the  agency  of  lately-made  quicklime.  And  the  defect  of  ani- 
mal and  vegetable  matter  must  be  supplied  by  animal  or  vegetdblc 
manure. 

469.  The  general  indications  of  fertility  and  barrenness^as  found 
by  chemical  experiments,  must  necessarily  differ  in  different  oil* 

Through  how  many  stages  of  fermentation  do  vegetable  and  how  many 
do  unimal  substanees  pass  during  deoompoaition  ? 

In  what  manner  ought  soils  to  be  ooo^ksred  with  a  view  to  impRMr^ 
mentfi  in  their  composiiion  ? 

What  example  of  alteration  in  soil  muy  illimtrate  Litis  poiRt? 

What  precaution  k  to  bo  used  in  attemptiiig  to  impiove  soils  by  mtmnm 

of  linie  ? 

lUfw  is  an  exceaa  of  vegetable  mould  ia  any  given  soil  to  be  obviated  I 
How  is  xfii.dsfieiency  to  be  supplied  ? 
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mates,  and  under  different  circumstances.  The  power  of  soils  to 
absorb  moisture,  a  principle  essential  to  their  productiveness,  ought 
to  be  much  ^eater  in  warm  and  dry  countries  than  in  cold  and 
moist  ones ;  and  the  quantity  of  fine  aluminous  earth  they  contain 
should  be  larger.  Soils  likewise  that  are  situate  on  declivities 
ought  to  be  more  nbBoibent  than  those  in  the  same  climate  on 
plains  or  in  Talleys. 

470*  The  ptodoetiveneBS  of  soils  must  likewise  be  inilnenced 
by  the  natnie  of  the  sub-soil,  or  the  earthy  or  stony  strata  on 
which  they  rest;  and  this  oireumstance  oaght  tobe  particularly 
attended  to,  in  consider! njr  their  chemical  nature,  and  the  system 
of  improvement.  Thus  a  sandy  soil  may  owe  its  fertility  to  the 
power  of  the  sub-soil  to  retain  water;  and  an  absorbent  clayey 
soil  may  occasionally  be  prevented  from  being*  barren,  in  a  moist 
climate,  by  the  influence  of  a  sub-stratum  of  sand  or  gravel. 

471 .  Those  soils  that  are  most  productive  of  corn,  contain  al  wavs 
certain  proportions  of  aluminoos  or  caloareons  eurth  in  a  finely 
divided  state,  and  a  certain  quantity  of  Tegetable  or  animal  matter. 

Mr.  Tillet,  in  some  experiments  made  on  the  composition  of 
smls  at  Paris,  found,  that  a  soil  composed  of  three-eighths  of  clay^ 
two-eighths  oif  riT^  sand,  and  three-eighths  of  the  parings  of  lime- 
stone, was  very  proper  for  wheat. 

472.  In  general,  bulbous  roots  require  a  soil  much  more  sandy, 
and  less  absorbent,  than  the  grasses.  A  very  good  potato  soil, 
from  Varsel,  in  Cornwall,  afforded  seven-eighths  of  siliceous  sand ; 
and  its  absorbent  power  was  so  small,  that  100  parts  lost  only  2 
by  drying  at  400°  Fahrenheit. 

Plants  and  trees,  the  roots  of  which  are  fibrous  and  hard,  and 
eapabte  of  penetrating  deep  into  the  earth,  will  vegetate  to  ad* 
vantage  in  idmost  all  common  soils  that  are  moderately  dry,  and 
do  not  contain  a  very  great  excess  of  vegetable  matter. 

473.  From  the  great  difference  of  the  causes  that  influence  the 
productiveness  of  lands,  it  is  obvious,  that  in  the  present  state  of 
science  no  certain  system  can  be  devised  for  their  innprovement, 
independent  of  experiment;  but  there  are  few  cases,  in  which  the 
labonj  of  analytical  trials  will  not  be  amply  repaid  by  the  cer- 
tainty with  which  they  denote  the  best  methods  of  melioration  ; 
and  this  will  particularly  happen,  when  the  defect  of  composition 
is  fi>nnd  in  the  proportions  or  the  primitive  eardis. 


food  only  is  provided  for  plants,  which  is  in  all  eases  exhausted 
by  means  of  a  certain  nnmber  of  crops;  bnt  when  a  soil  is  ren- 

Whttt  principle  is  essential  lo  the  prodoctivenem  of  toih  f 

What  mfluence  may  the  rock  over  which  any  soil  lies  exercise  on  ita 

productiveness?    What  example  may  be  nddnced  of  thif?  fact  ? 

What  ingredient  seems  peculiarly  favourable  to  the  production  of 
grain  t 

What  composition  did  Tillet  find  adapted  to  this  pttrposet 
What  soil  18  best  adapted  to  bulbous  roots  ? 
What  advantage  do  trees  possess  in  regard  to  variety  of  soils  ? 
Under  what  circumstances  may  we  expect  the  greatest  advantages  fiom 
studying  the  chemical  ooni|N»iiion  of  soib  t 


474.  In  supplying  animal 


manure^  a  temporary 
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dered  of  the  best  possible  consiitutian  aod  texture  with  regard  to 
its  earthy  parti,  its  fertilitj  may  he  comMmA  as  pennaneotly 
aatabUahao*  It  becomea  oa]MUe  oC  attiaetiiig  a  verr  iWge  portioa 
0t  TegataUe  Bowiahmenl  mm  the  atmoaphm,  aad  of  fgtmmg 
ita  eropa  with  awMparativaly  littia  laboor  and  espeoaa. 

Analysis  of  Soils, 

475.  The  substances  found  in  soils  are  certain  mixtures  or  com- 
binations of  some  of  the  prinnitive  earths,  animal  and  vegetable 
matter  in  a  decomposed  state,  certain  saline  compounds,  and  the 
oxide  of  iron.  These  bodies  always  retain  water,  and  exist  in 
very  different  proportions  in  different  lands,  and  the  end  of  ana- 
lytical experiments  is  the  detection  of  their  quantities  and  mode 
m  anion. 

Tha  aartka  aonmottly  fonnd  in  aoila  are.  principally  ulez,  or  tha 
aarth  of  ffiata;  rioniaa  or  fiie  pnra  matlar  of  amy;  lima*  or  aal- 
aareooi  earth ;  and  magnaaia. 

476.  Animal  decompoaing  matlar  azists  in  different  states, 
contains  mnoh  carbonaceous  substance,  volatile  alkali,  inflamma^ 
ble  aeriform  products,  and  carbonic  acid.  It  is  found  chiefly  in 
lands  lately  manured.  Vegetable  decomposinor  matter  usually 
contains  still  more  carbonaceous  substance,  and  differs  from  the 
preceding,  principally,  in  not  producingr  volatile  alkali.  It  forms 
a  great  proportion  of  all  peats,  abounds  in  rich  mould,  and  is 
Iboad  ia  largar  or  smaller  quantities  in  all  lands. 

477.  Tha  aalioa  aoai{»oanda  ara  few,  and  in  amall  ^aatitj : 
they  ara  ohtefly  muriate  of  aoda,  or  eomnoa  aalt,  aalphate  of 
magnesia,  muriate  and  sulphate  of  potash,  nitrate  of  lime,  and  the 
mild  alkalies.   Oxide  of  iron,  which  is  the  same  with  the  mat 

roduced  by  exposinnr  iron  to  air  and  water,  is  found  in  all  soils, 
ut  most  abundantly  m  red  and  yellow  clays,  and  red  and  yeliow 
siliceous  sands. 

478.  The  instniments  reauisite  for  the  analysis  of  soils  are  few. 
A  pair  of  scales  capable  ot  holding  a  quarter  of  a  pound  of  com- 
mon soil,  and  turningr  with  a  single  grain  when  loaded;  a  set  of 
weights,  from  a  quarter  of  a  pound  troy  to  a  grain ;  a  wire  sieve, 
eoaiae anoqgh lo leC a  pepper-eomiiaaa through ;  an  Argand lamp 
and  atandi  a  few  gflaaa  botdea,  Heaaian  cmoiblea,  and  ehioa  or 
qneen^s  ware  evaporating  basin ;  a  wedgwood  pestle  and  mcNrtar; 
some  Alters  made  of  halt  a  sheet  of  blotting  paper,  folded  so  as 
to  contain  a  pint  of  liquid,  and  greased  at  the  edges ;  a  hone  knifes 
and  aa  apparatns  for  collecting  and  meaaoiiag  aeiifem  fluids. 

Why  it  irmore  important  to  ascertain  a  defect  in  soils  with  regard  to 
the  primitive  earths  than  to  the  vegetable  or  animal  ingredients? 
What  variety  of  substancefl  enter  into  the  composition  of  aoilif 
What  four  earths  eiist  In  the  greatest  abundance  in  soihi  ? 
Oil  what  lands  is  animal  matter  OBually  found  f 
Of  what  substances  is  it  found  to  consist  ? 

How  do  the  vegetable  differ  from  the  animal  components  of  soila  I 

What  are  the  saline  ingredients  of  soils  ? 

What  metallic  oxide  eniSi  in  them  f 

With  what  chemical  appsratui  may  soils  be  analyied  f 
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479.  The  reagents  necessary  are  muriatic  acid,  sulphuric  acid, 
pure  volatile  alkali  dissolved  in  water,  solution  of  prussiate  of 
potash,  soap  lye,  and  solutions  of  carbonate  of  ammonia^  muriate 
of  ammonia,  neutral  carbonate  of  potash,  and  nitrate  of  ammonia. 

(1.)  When  the  general  nature  of  the  soil  of  a  field  is  to  be 
Moertaioed,  specimens  of  it  shmild  be  taken  from  iiSmnt  places, 
two  or  thrae  inches  below  tiie  snrfaee*  and  examined  as  to  the 
simUarity  of  their  properties.  It  sometimes  happens,  that  on 
plains  the  whole  of  the  npper  stratum  of  the  lands  is  of  the  same 
mndf  and  in  this  case  one  analysis  will  be  soffieient.  But  in  tsI- 
leys,  and  near  the  beds  of  rivers,  there  are  very  great  differences, 
and  it  now  and  then  occurs,  that  one  part  of  a  field  is  calcareous, 
and  another  part  siliceous  ;  in  this  and  analogous  cases,  the  por- 
tions different  from  each  other  should  be  analyzed  separately. 
Soils,  when  collected,  if  they  cannot  be  examined  immediately, 
should  be  preserved  in  phials,  quite  filled  with  them,  and  closed 
with  ground  glass  stopples. 

480.  The  most  eonYenient  quantity  for  a  perfeet  analysis  is  from 
two  hmidied  grains  to  four  hundred.  It  should  be  collected  in 
dry  wmitheff  and  exposed  to  the  air  till  it  feels  dry.  Its  specific 
gravity  may  be  ascertained,  by  introducing  into  a  phial,  which 
will  contain  a  known  quantity  of  water,  equal  bulks  of  water  and 
of  the  soil ;  which  may  easily  be  done  by  pouring  in  water  till 
the  phial  is  half  full,  and  then  adding  the  soil  till  the  fluid  rises 
to  the  mouth.  The  difference  between  the  weigrht  of  the  water 
and  that  of  the  soil  will  give  the  result.  Thus,  if  the  bottle  will 
eontain  four  hundred  grains  of  water,  and  gains  two  hundred  grains 
when  half  filled  with  water  and  half  with  soil,  the  spe<Hfic  gra  v  1  ty 
of  the  soil  will  be  8 ;  that  is,  it  will  be  twice  as  beaTjr  as  water : 
and  if  it  gained  one  hundred  and  sixty-five  grains,  its  specific 
gravity  would  be  1825,  water,  being  1000.  It  is  i>f  importance 
that  the  specific  gravity  of  a  soil  should  be  known,  as  it  affords 
an  indication  of  the  quantity  of  animal  and  vegetable  matter  it 
contains;  these  substances  being  always  most  abundant  in  the 
lighter  soils.  The  other  physical  properties  of  soils  should  like- 
wise be  examined  before  the  analysis  is  made,  as  they  denote,  to 
a  certain  extent,  their  composition,  and  serve  as  guides  in  direct* 
ing  the  experiments.  Thus,  siliceous  sefls  are  generally  rough  to 
the  touch,  and  scratch  glass  wlien  nibbed  upon  it ;  aluminous  soils 
adhere  strongly  to  the  tongue,  and  emit  a  strong  earthy  smell 
when  breathed  upon ;  and  cucareous  soils  are  soft,  and  much  less 
adhesive  than  aluminous  soils. 

481.  (2.)  Soils,  when  as  dry  as  they  can  be  made  by  exposure  to 
the  air,  still  retain  a  considerable  quantity  of  water,  which  adheres 

What  chemical  testH  are  required  ? 

In  what  msnner  ought  tpecimens  of  soil  ibr  ezaminatioii  to  be  oolleeled 

and  preserved  7 

In  what  manner  is  the  specific  gravity  of  aoiU  ascertained  t 

Why  is  this  step  imnortont  ? 

What  Other  physical  pioperiiet  are  to  be  tried? 
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with  great  obstinacy  to  them,  nnd  cannot  be  driven  off  without 
considerable  heat:  and  the  first  process  of  analysis  is  to  free  them 
from  as  much  of  this  water  as  possible,  without  affectincr  their 
composition  in  other  respects.  This  may  be  done  by  heating  the 
•oil  for  ten  or  twelve  minutes  in  a  ehina  basin  orer  an  Argand 
lampi  al  a  temperature  equal  to  300^  P. ;  and  if  a  thermometer  be 
not  used,  ikB  proper  degree  of  heat  may  easily  be  ascertained  by 
keiq>tnff  a  piece  of  wood  in  the  hvisin  in  contact  with  its  bottom  ^ 
^r  as  lonff  as  the  colour  of  the  wood  remains  unaltered,  the  heat 
is  not  too  ni^h  ;  but  as  soon  as  it  benrins  to  be  charred! ,  the  process 
must  be  stopped.  In  several  experiments,  in  which  Sir  H.  Davy 
collected  the  water  that  came  over  at  this  decrree  of  heat,  he  found 
it  pure,  without  any  sensible  quantity  of  other  volatile  matter  being 
produced.  The  loss  of  weijrht  in  this  process  must  be  carefully 
noted ;  and  if  it  amount  to  50  grains  in  400  of  the  soil,  this  may 
be  eonsidered  as  in  the  greatest  degree  absorbent  and  retentive  of 
water,  and  will  generally  be  founa  to  contain  a  large  proportioa 
of  aluminous  earth.  If  the  loss  be  not  more  than  10  or  80  grains, 
the  land  may  be  considered  as  slightly  absorbent  and  letentive^ 
and  the  siliceous  earth  as  most  abundant. 

482.  (3.)  None  of  the  loose  stones,  gravel,  or  larg-e  vegetable 
fibres,  should  be  separated  from  the  soil,  till  the  water  is  thus  ex- 
pelled ;  for  these  bodies  are  often  highly  absorbent  and  retentive, 
and  consequently  influence  the  fertility  of  the  land.  But  after  the 
soil  has  been  heated  as  above,  these  should  be  separated  by  the 
sie^e,  after  the  soil  has  been  gently  bruised  in  a  mortar.  The 
weights  of  the  vegetable  fibres  or  wood,  and  of  the  grayel  and 
atones^  should  be  separately  noted  down,  and  Ae  nature  of  the  latter 
ascertained :  if  they  be  calcareous,  they  will  effenresoe  with  acids; 
ii  siliceous  they  will  scratch  ^lass;  if  aluminous,  they  will  be 
soft,  easily  scratched  with  a  kufe,  and  incapable  of  eflmnreseittg 
with  acids. 

483.  (4.)  Most  soils,  besides  stones  and  gravel,  contain  larg-er 
or  smaller  proportions  of  sand  of  different  degrees  of  fineness ; 
and  the  next  operation  necessary  is  to  separate  this  sand  from  the 
parts  more  minutely  divided,  such  as  clay,  loam,  marl,  and  veg^e- 
table  and  animal  matter.  This  may  be  done  sufficiently  by  mixing 
the  soil  well  with  water ;  as  the  coarse  sand  will  flrenerally  fall  to 
the  bottom  in  the  space  of  a  minnte,  and  the  finer  in  two  or  three : 
•o  that  by  pouring  the  water  off  afler  one«  two,  or  three  minutes, 
the  sand  will  be,  for  the  most  part,  separated  from  the  other  aub- 
stances ;  which,  with  the  water  containing  them,  must  be  poured 
into  a  filter.  After  the  water  has  passed  through,  what  remains 
on  the  filter  must  be  dried  and  weighed,  as  must  also  the  sand  ; 
and  their  respectiye  <|uantitie8  must  be  noted  down.   The  water 

What  is  iho  first  step  in  exnTnining  the  compOiitilMI  of  a  wilt 
At  what  temperature  may  it  be  dried  ? 
Why  should  not  the  pebMM  be  aeparatod  heSsn  drying  ? 
How  is  sand  to  be  separated  fiom  miante  ingredisBls  t 
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must  be  preserved,  as  it  will  contain  the  saline  matter,  and  the 
soluble  animal  or  vegetable  matter,  if  any  existed  in  the  soil. 

48i.  (6.)  A  minute  analysis  of  the  sand  thus  separated  is  sel- 
dom or  never  necessary,  and  its  nature  may  be  detected  in  the 
same  way  as  that  of  the  stones  and  j^ravel.  It  is  always  siliceous 
sand,  or  calcareous  sand,  or  both  together.  If  it  consist  wholly 
of  carbonate  of  lime,  it  will  dissolve  rapidly  ia  mnriatie  acid,  with 
eflenrescettoe ;  bat  if  it  consist  partly  of  this  and  partly  of  sili- 
eeous  matteri  a  reaidanm  will  be  left  after  the  acid  has  ceaSed  te 
act  on  it,  the  acid  being  added  till  the  mixture  has  a  sour  taste* 
and  has  ceased  to  effervesce.  This  residuum  is  the  siliceous  part; 
which  being  washed,  dried,  and  heated  strongly  in  a  crucible,  the 
difference  of  its  weight  from  that  of  the  whole,  will  indicate  the 
quantity  of  the  calcareous  sand. 

485.  (6.)  The  finely  divided  matter  of  the  soil  is  usually  very 
compound  in  its  nature :  it  sometimes  contains  all  the  four  primi- 
tive earths  of  soils,  as  well  as  animal  and  vegetable  matter ;  and 
to  ascertaiii  the  proportions  of  these  with  tMerable  aeetiracy,  is 
the  most  diffienlt  pan  of  the  snhject*  The  first  process  to  be  per* 
formed  in  this  part  of  the  analysis,  is  the  exposure  of  the  fine 
matter  of  the  soil  to  the  action  of  muriatic  acid.  This  add, 
'  diloted  with  double  its  bnlk  of  water,  should  be  poured  upon  the 
earthy  matter  in  an  evaporating  basin,  in  a  quantity  equal  to  twice 
the  weight  of  the  earthy  matter.  The  mixture  should  be  often 
stirred,  and  suffered  to  remain  for  an  hour,  or  an  hour  and  a  half, 
before  it  is  examined. 

48C.  If  any  carbonate  of  lime,  or  of  magnesia,  exist  in  the  soil, 
they  will  have  been  dissolved  in  this  time  by  the  acid,  which 
eometimes  takes  up  likewise  a  little  oxide  of  iron,  but  very  sel- 
dom anjr  aliimina.  The  fluid  should  be  passed  through  a  filter ; 
the  solid  matter  eoHected,  washed  with  distilled  or  rain  water* 
dried  at  a  moderate  heat,  and  weighed.  Its  loss  will  denote  the 
quantity  of  solid  matter  taken  up.  The  washings  must  be  added 
to  the  solution ;  which,  if  not  sour  to  the  taste,  must  be  made  so 
by  the  addition  of  fresh  acid  ;  and  a  little  solution  of  prussiate  of 
potash  must  be  mixed  with  the  liquor.  If  a  blue  precipitate  occur, 
it  denotes  the  presence  of  oxide  of  iron,  and  the  solution  of  the 
prussiate  must  be  dropped  in,  till  no  further  effect  is  produced. 
To  ascertain  its  quantity  it  must  be  collected  on  a  filter  in  the 
same  manner  as  the  other  solid  precipitates,  and  heated  red :  ^ 
'  lesalt  will  be  oxide  of  iron« 

487.  Into  the  fluid  freed  from  oxide  of  iron,  a  solution  of  eai^ 
bonate  of  potash  must  be  poured,  till  all  effiBnrescence  oeaaes  in 
it,  and  till  its  taste  and  smell  indicate  a  considerable  excess  of 
alkaline  salt.  The  precipits^  that  falls  down  is  carbonate  of 

How  nay  the  nature  of  the  sand  be  ascertained  t 

How  are  we  to  proceed  in  determining  the  finer  portlona  of  flio  flOU  ff 

What  acid  is  first  employed  ? 

What  iiigredienu  will  iJiiis  acid  disaolve  ?  « 

How  nuiy  the  idution  be  known  to  contain  dlde  of  iisnt 
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lime,  which  must  be  collected  on  a  filter,  dried  at  a  heat  below 
that  of  redness,  and  afterwards  weighed.  The  remaining  fluid 
must  be  boiled  for  a  quarter  of  an  hour,  when  the  magnesia,  if 
there  be  any,  will  be  precipitated  combined  with  carbonic  acid ; 
and  its  quantity  must  be  ascertained  in  the  same  manner  as  that 
of  tbe  curlioiiate  of  lime.  If  any  nunote  proportion  of  aloniina  ^ 
thonMf  from  peenliar  cirrainstaneos,  be  diasolTod  by  the  acid,  it 
will  be  fonnd  m  the  precipitate  with  the  carbonate  of  lime,  and  h 
may  be  separated  from  it  by  boiling  for  a  few  minutes  with  soip 
lye  snffieient  to  cover  tibe  eolid  matter :  for  this  lye  diasolTet 
alumina,  without  acting  upon  carbonute  of  lime. 

488.  (7.)  The  quantity  of  insoluble  animal  and  vegetable  mat- 
ter may  next  be  ascertained  with  sufl^cient  precision,  by  heating 
it  to  a  strong  red  heat  in  a  crucible  over  a  common  fire,  till  no 
blackness  renjains  in  the  mass,  stirring  it  frequently  meanwhile 
with  a  metallic  wire.  The  loss  of  weight  will  ascertain  the 
quantity  of  animal  and  vegetable  matter  there  was,  but  not  the 
proportions  of  each.  It  the  smell  emitted,  dnring  this  process, 
resemble  that  of  bnmt  feathers,  It  Is  a  certain  indication  of  the 
]>resence  of  some  animal  matter ;  and  a  eoplons  bine  flame  almost 
always  denotes  a  considerable  proportion  of  vegetable  matt». 
Nitrate  of  ammonia,  in  the  proportion  of  twenty  grains  to  a  " 
hundred  of  the  residuum  of  the  soil,  will  greatly  accelerate  this 
process — if  the  operator  be  in  haste — and  not  affect  the  result,  as 

It  will  be  decomposed  and  evaporate. 

489.  (8.)  What  remains  after  this  decomposition  of  the  vege- 
table and  animal  matter,  consists  generally  of  minute  particles  of 
eurthy  matter,  which  are  usually  a  mixture  of  alumina  and  silex 
with  oxide  of  Itoii.  To  separate  these,  boil  them  two  or  tiirse 
hours  in  salphnrle  sold  dilated  with  fonr  times  its  wdgfal  of 
water,  allowmg  a  hundred  and  twenty  grains  of  acid  for  ereiiy 
hundred  grains  of  the  rsddnnm. 

Mineral  JVaten. 

490.  The  examination  of  mineral  watm,  mth  a  new  to  aeer^ 
tain  their  ingredients,  and  thence  their  medicinal  onalities,  and 
the  means  orcomponnding  them  artificially,  is  an  ooject  of  con- 
aiderable  importance  to  society.   It  is  likewise  a  subject  which 

deserves  to  be  attended  to,  because  it  affords  no  mean  opportunity 
for  the  agreeable  practice  of  chemical  skill.  But  this  investiga- 
tion is  more  especially  of  importance  to  the  daily  purposes  of 
life,  and  the  success  of  manufactures.  It  cannot  but  be  an  inte- 
resting object,  to  ascertain  the  component  parts  and  qualities  of  the 

Bv  what  reagent  will  the  carbonate  of  lima  be  precipitated  i 
tiow  the  carbonate  of  magnesia? 

How  are  tlie  intolable  ingredienti  aseertained  to  eontsin  animal  maU 
ter? 

How  shall  we  be  informed  of  the  presence  of  vegetable  ingredients? 
What  circumstances  render  important  the  knowledge  of  the  coropoaitioii 
of  mineial  wateis? 
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waters  daUy  eoasuaad  by  the  lalHibitwtt  of  kige  low«fl  and 
Tieudtiea.  A  Terjr  miBute  poftten  of  miwlieletoiiie  matter,  daily 
lakea«  may  conatitiite  the  principal  cause  of  the  dlfierences  m 
aalubrity  whieh  are  observable  in  different  places*  And  with  re- 
gard to  manufactures,  it  is  well  known  to  the  brewer,  the  paper- 
maker,  the  bleacher,  and  a  variety  of  other  artists,  of  how  much 
consequence  it  is  to  them,  that  this  fluid  should  either  be  pure,  or 
at  least  not  contaminated  with  such  principles  as  tend  to  injure 
the  qualities  of  the  articles  they  make. 

491.  The  topogrraphy  of  the  place  where  these  waters  rise  is 
the  Ikst  thing  to  be  considered*  By  examining  the  ooze  formed 
by  them*  and  the  earth  or  atones  throogh  whieh  they  are  atrainad 
and  filteredt  some  judgment  may  be  formed  of  their  ooateata*  In 
filtering  through  the  earth,  and  meandering  on  its  surface,  they 
take  with  them  partieles  of  varions  kinds,  which  their  extreme 
attenuation  renders  capable  of  beino^  suspended  in  the  fluid  that 
serves  for  their  vehicle.  Hence  we  shall  sometimes  find  in  these 
waters,  siliceous,  calcareous,  or  ar^llaceous  earth ;  and  at  other 
times,  though  less  frequently,  sulphur,  magnesian  earth,  or,  from 
the  decomposition  of  ciirbonated  iron,  ochre. 

492.  The  following  are  the  ingredients  that  may  occur  in  mine- 
lal  waters 

(1.)  The  gases  Ibond  are  common  air,  oxygen,  hydrogen,  and 
anlphuretted  hydrogen.  (3.)  The  acids,  uncorobined,  are  the 
Garl>onic,  sulphuric,  and  boracic.  (3.)  The  only  free  alkali  is 
Boda  and  the  free  earths,  silex  and  lime.  (4.)  The  only  salta  are 
sulphates,  nitrates,  muriates,  carbonates,  and  borates. 

493.  The  testing  of  mineral  waters  consists — (1.)  In  the  exami- 
nation of  them  by  the  senses :  (2.)  In  the  examination  of  them  by  * 
reasrents. 

The  examination  by  the  senses  consists  in  observing  the  eflect 
of  the  water,  as  to  anpearanee,  smell,  and  taste. 

The  appearance  or  tbe  water,  the  instant  in  which  it  is  pamped 
out  of  the  well,  as  well  as  after  it  has  stood  for  some  time,  affords 
several  indications,  from  which  we  are  enabled  to  form  a  judffment 
concerning  its  contents.  If  the  water  be  turbid  at  the  well,  the 
substances  are  suspended  only,  and  not  dissolved  ;  hut  if  the  water 
be  clear  and  transparent  at  the  well,  and  sometime  intervenes  be- 
fore it  becomes  turbid,  the  contents  are  dissolved  by  means  of 
carbonic  acid. 

404,  The  presence  of  this  gas  is  likewise  indicated  by  small 
bubbles,  that  rise  from  the  bottom  of  the  well,  and  burst  in  the 
air  while  they  are  making  their  escape,  though  the  water  at  the 
same  time  perhaps  haa  not  an  acid  taste.  Bat  tbe  most  evident 

To  what  branch  of  manufnctureB  Ir  the  subject  partieuUirly  lelatsdf 

What  is  the  llrat  point  to  be  coo&idered  t 

Why? 

What  fimr  claites  of  anlMienoes  eiist  in  muMral  watenit 

In  what  two  methods  may  we  test  the  character  of  mineral  watsn  f 
How  may  we  judge  of  the  ingredient!  in  water  by  the  eye  ? 
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proof  of  a  spring  containing  carbonic  acid,  is  the  genmtion  of 
lobbies,  on  the  water  being  shaken,  and  their  buming  with  moM 
or  less  noise,  while  the  air  is  nriakiiifr  its  escape. 

495.  The  sedinient  deposited  by  the  water  in  the  well  is  like- 
wise to  be  examined  : — if  it  be  yellow,  it  indicates  the  presence 
of  iron;  if  black,  that  of  iron  combined  with  sulphur;  but  cha- 
Ijfbetta  watwri  being  seldoin  ralphiuiotled,  the  latter  oeean  Terj 
laiely;  Ae  to  the  colour  of  the  wtter  Iteelf,  tfiere  eie  few  in- 
etanees  where  this  can  give  any  indication  of  its  contents,  m 
there  am  not  many  substanoee  that  eolonr  it.  The  odour  of  the 
water  genres  chiefly  to  discover  the  presence  of  sulphuretted  fay«» 
drogen  in  it;  such  waters  as  contain  this  substance  have  a  peea* 
liar  fetid  smell,  somewhat  resembling  rotten  eggs. 

496.  The  taste  of  a  spring,  provided  it  be  perfectly  ascertained 
by  repeated  trials,  may  affoiS  some  useful  indications  with  respect 
to  the  contents.  It  niay  be  made  very  sensible  by  tasting  water 
io  which  the  various  salts  that  are  usually  found  in  such  iii^ters 
aie  diaaolfed  in  Tariouii  proportions.  There  is  no  certain  depen* 
dencey  howeTsrt  to  be  placed  on  this  mode  of  inrestigatlon ;  for  in 
many  springs  the  taste  of  sulphate  of  soda  is  disgoised  hy  that  of  ' 
the  sea  salt  vnited  with  it.  The  water,  too.  Is  not  only  to  be 
tasted  at  the  spring,  but  after  it  has  stood  for  some  time.  This  pre- 
caution must  be  particularly  observed  with  respect  to  such  waters 
as  are  impregnated  with  carbonic  acid  ;  for  the  other  substances 

.contained  in  them  make  no  impression  on  the  toncrvie,  till  the  car- 
bonic acid  has  made  its  escape ;  and  it  is  for  the  same  reason  that 
these  waters  must  be  evaporated  in  part,  and  then  tasted  again. 

497.  Though  the  specific  gravity  of  any  water  contrtbules  hot 
*  Tery  little  towards  determining  its  contents,  still  it  may  not  be 

entirely  useless  to  know  the  specific  weij^ht  of  the  water,  the 
situation  of  the  spring,  and  the  kind  of  sediment  deposited  by  it. 

498.  The  examination  of  the  water  by  means  of  reagents  shows 
what  they  contain,  but  not  how  much  of  each  principle.  In  many 
instances  this  is  as  much  as  the  inquiry  drmands ;  and  it  is  always 
of  use  to  direct  the  proceedings  in  the  proper  analysis. 

It  is  absolutely  necessary  to  make  the  experiment  with  water 
just  taken  up  from  the  spring,  and  afterward  with  such  as  has 
been  exposed  for  some  hours  to  the  open  air ;  and  sometimes  a 
third  essay  is  to  be  made  with  a  portion  of  the  water  that  has  • 
been  boiled  and  afterward  filtered.  If  the  water  contain  hot  lew 
saline  particles,  it  must  be  eraporated ;  as  even  the  most  sensible 
rea^nts  do  not  in  the  least  affect  it«  if  the  salts,  the  presence  of 
which  is  to  be  discovered  by  them,  are  diluted  with  too  great  a 
quantity  of  water.  Now,  it  may  happen,  tliat  a  water  shall  be 

How  is  tlie  presence  of  carbonic  acid  best  ascertained  ? 

What  judgment  may  we  Ibrm  of  waier  liom  the  appearance  of  its  eedi- 

ment? 

Wliut  kind  of  materials  may  the  sense  of  smell  help  us  to  detect  ? 
At  what  period  may  we  rely  on  the  sense  of  taste  to  indicate  the  cha- 
meter  of  water  t 
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impregnated  witli «  eo&sldevable  mmber  of  saline  pacrticles  of  dif- 
fivent Icindsr  tiioof^  some  of  them  amy  be  present  in  too  smalt  a 
^Hantitjr;  for  whi^  reason  the  water  must  be  examined  a  second 
time,  after  having  been  boiled  down  to  thiee*fottrths« 

499.  The  sobstanoes  of  whicb  the  presence  is  discoTsrable  by 
reagents  are : — 

Ckirhonic  acid.  When  this  is  not  comhined  with  any  base,  or 
not  with  sufficient  to  neutralize  it,  the  addition  of  lime  water  will 
throw  down  a  precipitate  soluble  with  effervescence  in  muriatic 
acid.  The  infusion  of  litmus  is  reddened  by  it;  but  the  red  colour 
gradually  disappears,  and  may  be  again  restored  by  the  addition, 
of  more  of  the  mineral  water.  When  boiled,  it  loses  the  property 
of  reddening  the  infnsion  of  litmus.  According  to  Piaff,  the  most 
sensible  test  of  this  acid  is  acetate  of  lead. 

600.  The  mineral  aeid9^  when  present  nncombined  in  water, 
give  the  infusion  of  litmaa  a  permanent  red,  even  though  the  water 
has  been  boiled.    Bergmann  has  shown  that  paper,  stained  with 

litmus,  is  reddened  when  dipped  into  water  containing  mVr 

sulphuric  acid. 

Water  containing  sulphuretted  hydrogen  gas  is  distinguished  by 
the  following  properties; — It  exhales  the  peculiar  odour  of  sul- 
phuretted hydrogen  gas.  It  reddens  the  infusion  of  litmus  fuga- 
ciously.  It  blackens  paper  dipped  into  a  solution  of  lead,  aiid 
precipitates  the  nitrate  of  silver  black  or  brown. 

501.  JilkalieSf  and  alkaline  and  earthy  fiorbonaUB^  are  distingQished 
hj  ^e  following  tests  :--The  infosion  of  tormeric,  or  paper  stained 
with  turmeric,  is  rendered  brown  by  alkalis ;  or  reddish-brown,  if 
the  quantity  be  minute.  This  change  is  produced  when  the  soda  . 
in  water  amounts  only  to  t^tt  part.  Paper  stained  with  brasil 
wood,  or  the  infusion  of  brasil  wood,  is  rendered  blue ;  but  this 
change  is  produced  also  by  the  alkaline  and  earthy  carbonates. 

Bergmann  ascertained  that  water  containing  9-^5-5  part  of  carbonate 
of  soda  reddens  paper,  stained  with  brasil  wood,  blue.  Litmus 
paper,  reddened  by  vinegar,  is  restored  to  its  original  blue  colour. 
This  changre  is  produced  by  the  alkaline  and  earthy  carbonates 
also.  Wlien  these  changes  are  fugacious,  we  may  conclude  that 
the  alkali  is  ammonia. 
50S.  Fixed  aikaUee  exist  in  water  that  occasions  a  precipitate 
'  with  muriate  of  magnesia  after  being  boiled.  Volatile  alkali  may 
be  distinguished  by  the  smcdl ;  or  it  may  be  obtained  in  the  rch 
ceiver  by  distilling  a  portion  of  the  water  gfflitlyy  and  then  it  may 
be  distinguished  by  the  above  tests* 

Earthy  and  metallic  carbonates  are  precipitated  by  boiling"  the 
water  containing  them  ;  except  carbonate  of  magnesia,  which  is 
precipitated  but  imperfectly. 

How  shall  we  be  able  to  detect  the  presence  of  an  ingredient  which 
originally  constitutes  but  a  very  smnll  portion  of  the  water  t 
What  18  the  lest  o€  carbonic  acid  ? 
What  IB  LhaL  of  the  mineral  acids  ? 
How  is  sulphuretted  hydrogen  detected  ? 
What  teitf  show  the  nretence  of  aUuUit  and  eartkjf  carbonatee  I 
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ft03.  JWm  Is  discovered  \0f  the  following  tests :— The  additio© 

of  tincture  of  ealls  gives  water,  containing  iron,  a  purple  or  black 
colour.  This  test  indicates  the  presence  of  a  very  minute  portion 
of  iron.  If  the  tincture  have  no  effect  upon  the  water,  after  boiling, 
though  it  colours  it  before,  the  iron  is  in  a  btate  of  a  carbonate.  1  he 
following  observations  of  Westrumb  on  the  coloiir  which  UOB 
gives  to  jralls,  as  modified  by  other  bodies,  deeervee  atteaUmi.  A 
violet  indicates  an  alkaline  caiboaate,  or  eerthy  salto.  Dark 
purple  indicates  other  tUnltne  iMlte.  Purplish-red  indicrtee  su  - 
phwetted  hydrogen  gas.  Whhi^t  and  theft  Meek,  lodieales  eol- 

pheteof  lime.  '        ^  • 

604.  Sulphuric  add  eziste  in  waters  that  form  a  precipitate  with 
the  foUowing  eolations :— Muriate,  nitrate,  or  acetate  of  baryta, 
■trontia  or  lime,  or  nitr^^te  or  acetate  of  lead.  Of  these  the  most 
powerful  by  far  is  muriate  of  baryta,  which  is  capable  of  de- 
tecting the  presence  of  sulphuric  acid  uncombined,  whtii  it  does 
not  exceed  the  millionth  part  of  the  water.  Acetateof  leed  w 
next  in  point  of  power.  The  muriates  are  more^powejful  than 
the  nitrates.  The  calcareous  salts  aie  least  powerfoL  ^  AU  these 
tests  are  capable  of  indicating  a  much  smaUer  proportion  of  an* 
emnbiaed  sulphurie  aeid,  than  when  it  k  combined  with  a  base. 
To  render  mnrtate  of  baryta  a  certain  test  of  sulphunc  acid,  the 
following  precautions  must  be  observed  :— The  muriate  must  be 
diluted;  the  alkalis  or  alkaline  carbonates,  if  the  water  contain 
any,  must  be  previously  saturated  with  muriatic  acid  ;  the  preci- 
pitate must  be  insoluble  in  muriatic  acid  ;  if  boraciq  acid  be  sus- 
pected, muriata  of  strontia  must  be  tried,  which  is  not  precipitated 
by  boracic  acid.  The  hydrosulphurets  precipitate  barytic  SOltt- 
tions;  but  their  presence  is  easily  discovered  by  the  smell. 

605.  Muriatic  add  is  detected  by  nitrate  of  SUW,  whlch  occa- 
sions a  white  precipitate,  or  a  dead,  in  water  containing  an 
exeeedinffiy  minute  portion  of  this  acid.  To  render  this  test  cer- 
tain, the  Allowing  precautions  are  necessary :— The  alkalis  or 
carbonates  must  be  previously  saturated  with  nitric  acid,  tsul- 
phnric  acid,  if  any  be  present,  must  be  previously  removed  by 
means  of  nitrate  of  baryta.  The  precipitate  must  be  insoluble  m 
nitric  acid.  Pfaff  says,  that  the  mild  nitrate  of  mercury  is  the 
most  sensible  test  of  muriatic  acid  ;  and  that  the  precipitate  is  not 
soluble  in  an  excess  of  any  acid.   ' 

606.  Boracic  acid  is  detected  by  means  of  acetate  Of  lead,  WIUI 
which  it  forms  a  precipitate  insoluble  in  aeetic  aoid.  But  to  ren- 
der this  test  certain,  the  alkaUes  and  earths  must  be  previously 
saturated  with  aeetic  acid,  and  the  sulphuric  and  munatio  acida 
remored  by  means  of  acetate  of  stnmtia  and  acetate  of  suver* 

What  test  proves  the  presence  of  iron  1   ^  ...„  .   ™««t  i-. 

What  rule  will  enable  ui  to  judge  what  compound  ef  iron  m  preiau  in 
water! 

What  M  the  test  for  sulphuric  acid  ? 

What  will  prove  the  preiSDce  of  muriatic  acid? 

What  of  boracic  acid? 
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Baryta  is  detected  by  the  insoluble  white,  precipitate  which  it 
forms  with  diluted  sulphuric  acid. 

507.  Lime  is  detected  by  meaus  of  oxalic  acid,  which  occeisions 
a  white  precipitate  in  water  contaiiiing  a  very  mhiQte  proportion 
of  tbia  eaftiu  To  fender  this  teal  deeialTe»  Hhe  following  pre* 
aantiona  aie  neeeaBary:— The  mineral  actdat  if  any  be  present, 
mnat  he  pieviously  saturated  with  an  aUcali.  Baryta,  if  any  be 
present,  moat  be  pieTioiialy  lamoTed  by  meaoa  of  sulphuric  acid. 
Oxalic  acid  precipitates  magtiniia  but  Teiy  Blowly,  wheieaa  it 
precipitates  lime  instantly. 

508.  Magnesia  and  alumina.  The  presence  of  these  earths  is 
ascertained  by  the  following  tests :-— Pure  ammonia  precipitates 
them  both,  and  no  other  earth,  provided  the  carbonic  acid  have 
been  previously  separated  by  a  fixed  alkali  and  boiling.  Lime- 
water  precipitatea  only  these  two  earto,  provided  the  carbonic 
aeid  be  previously  removed,  and  the  aalphune  aeid  alao,  by  meana 
of  nitrate  of  baryta* 

The  alumina  may  be  separated  from  the  magnesia,  after  both 
have  been  precipitated  together,  either  by  boiling  the  precipitate 
in  caustic  potash,  which  dissolves  the  alumina  and  leaves  the 
magnesia  ;  or  the  precipitate  may  be  dissolved  in  muriatic  acid, 
precipitated  by  an  alkaline  carbonate,  dried  in  the  temperature  of 
100  degprees,  and  then  exposed  to  the  action  of  diluted  muriatic 
acid,  which  dissolves  the  magnesia  without  touching  the  alu* 
rnioa* 

509*  SUim  may  be  aaeertainad  by  evaporating  a  portion  of  water 
to  dryness,  and  redissol  ving  the  precipitata  ia  manatic  aeld.  The 
silex  remaina  behind  nndiuoWed. 

By  these  means  we  may  detect  the  presence  of  the  di^erent 
substances  commonly  found  in  waters  ;  but  as  they  are  generally 
combined  so  ^  to  form  salts,  it  ia  necessary  we  should  know 
what  these  combinations  are.  This  is  a  more  difficult  task, 
which  Mr.  Kirwan  teaches  us  to  accomplish  by  the  following 
methods : 

510.  (1.)  To  ascertain  the  presence  of  the  different  sulphates. 
The  sulphate  which  oooar  in  water  aie  aeven ;  bat  one  of  theae, 

namely^  mlphate  of  copper^  ia  so  uncommon,  that  it  may  be  exelnded 
altt^ether.  The  same  remark  applies  to  sulphate  of  ammonia.  It 
ia  ahnost  unnecessary  to  observe,  that  no  sulphate  need  be  looked 
for,  nnless  both  its  acid  aad  base  have  been  previonsly  detected 
in  the  water. 

511.  Sulphate  of  soda  may  he  detected  by  the  following, 
method  : — Free  the  water  to  be  examined  of  all  earthy  sulphates, 
by  evaporating  it  to  one-half,  and  adding  lime-water  as  long  as 

What  will  prove  the  presence  of  baryta  ? 
What  of  Kir 

How  are  we  to  know  whether  magnesia  and  alomina  are  contained  in 

mineral  water? 

What  method  leparatea  the  silex  if  any  he  present  ? 
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Mxiy  precipitate  appears.  By  tiiese  meana  atettiiVUt  all  ba 
precipitated  exeept  lime,  and  the  only  remaiDing  earthy  solphaiCe 
will  be  the  sulphate  of  liffle»  wbtdi  will  be  separated  by  eyapo- 
ratin^  the  liquia  till  it  becomes  concentrated,  and  then  dropping  inle 
it  a  httle  alcohol,  and,  aft^^r  filtration,  adding  a  little  oxalic  acid. 

512.  With  the  water  thus  purified,  mix  sojlution  of  lime.  If  a 
precipitate  appear,  either  immediately,  or  on  the  addition  of  a  little 
alcohol,  it  is  a  proof  that  sulphate  of  potash  or  of  soda  is  present. 
Which  of  the  two  may  be  determined,  by  mixine  some  of  the 
purified  water  with  acetate  of  baiTta.  Sulphate  of  baryta  pieciv 
pitatea.  Filter  aad  evaporate  to  oryBeaa.  Digest  the  ieeidfiaaa 
in  alcohol*  It  will  dissolve  the  alkaline  aeetate.  EvapolttIa  to 
diyneaa,  and  the  dry  aalt  vrill  deliqueace  if  it  be  acetate  « jj^MlMi^ 
but  effloresce  if  it  be  acetate  of  soda. 

513.  Sulphate  of  lime  may  be  detected  by  evaporating  the 
water  suspected  to  contain  it  to  a  few  ounces.  A  precipitate 
appears,  which,  if  it  be  sulphate  of  lime,  is  soluble  in  500  parts 
of  water,  and  the  solution  affords  a  precipitate  with  the  muriate 
of  baryta,  oxalic  acid,  carbonate  of  magnesia,  and  alcohol.  ^'^^ 

514.  Alum  may  be  delected  by  mixing  carbonate  of  lime  with 
Ihe  water  aaapeeted  to  contain  it.  If  a  precipitate  appear,  It  iii-^ 
dicatea  the  presence  of  alom*  or  at  least  of  sulphate  or  alununa ; 
provided  the  water  contains  no  muriate  of  baryta  or  metallic  sol- 
phates.  The  first  of  these  salts  is  incompatible  with  alum;  the 
aecond  may  be  removed  by  the  alkaline  pmssiates.  When  a  pre- 
cipitate is  produced  in  water  by  muriate  of  lime,  carbonate  of 
lime,  and  muriate  of  magnesiai  we  may  conclude  that  it  coataioa 
alum  or  sulphate  of  alumina. 

515.  Sulphate  of  magnesia  may  be  detected  by  means  of  hy- 
drosulphuret  of  strontia,  which  occasions  an  immediate  precipitate 
with  this  salt,  and  with  no  other;  provided  the  water  be  pre- 
Tiously  deprived  of  alum,  if  any  be  present,  by  means  of  carbo- 
nate of  lime,  and  provided  also  that  it  contains  no  uncomblned  add. 

Sulphate  of  iron  is  precipitated  from  vrater  by  alcoholf  and  then 
it  may  be  easily  recognised  by  its  properties. 
•     516.  (3.)  To  ascertain  the  presence  of  the  diifeirent  muriates. 

The  muriates  found  in  waters  amount  to  eight,  or  to  nine,  if 
muriate  of  iron  be  included.  The  most  common  by  far  is  muriate 
of  soda. 

Muriate  of  soda  and  of  potash  may  be  detected  by  the  following 
method: — Separate  the  sulphuric  acid  by  alcohol  and  nitrate  oi 
baryta.  Decompose  the  earthy  nitrates  and  muriates  by  adding 
aulphuric  acid.  Expel  the  excess  of  muriatic  and  nitric  acids  by 
heat.  Separate  the  sulphates  thus  foimed  by  alcohol  and  baryta 
water.  The  water  thus  purified  can  contain  nothing  but  alkaline 
nitrates  and  muriates.  If  it  form  a  precipitate  with  acetate  of 
'  silver,  we  may  conclude  that  it  contains  muriate  of  soda  or  of 

How  shall  the  presence  of     phate  of  soda  be  known  ?— tuljdiate  of  hSM  I 
— <»1  alumina  f — of  magnesia  ? — of  iron? 
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potailu  To  aaoertaift  wfakiiy  evapomte  llie  H^uid  thus  pwci' 
pitated  to  drrMM.  Dissolve  the  acetate  in  alcohol,  and  again 
evaporate  to  dryness.   The  salt  will  deliqaesoSy  if  it  be  aeolate 

of  potash,  but  effloresce  if  it  be  acetate  of  soda. 

517.  The  potash  salts  are  most  readily  distinguished  by  the 
precipitate  which  they  afford  to  muriate  of  platiouxD,  which  the 
soda  salts  do  not  occasion. 

Muriate  of  baryta  may  be  detected  by  sulphuric  acid,  as  it  is 
the  only  bairtic  salt  hitherto  found  in  water* 

MuMte  of  lime  may  be  detected  by  the  following  method 
FVee  the  water  from  sulphate  of  lime  and  other  sulphates,  by 
evaporating  it  to  a  few  oanees,  mixing  it  with  alcohol,  and  adding 
last  of  all  nitrate  of  baryta  as  long  as  any  precipitate  appears. 
Filter  the  water,  evaporate  to  dryness ;  treat  the  dry  mass  with 
alcohol ;  evaporate  the  alcohol  to  dryness ;  and  dissolve  the  re- 
siduum in  water.  If  this  solution  give  a  precipitate  with  acetate 
of  silver  and  oxalic  acid,  it  may  contain  muriate  of  lime.  It  must 
contain  it  in  that  case,  if,  after  being  treated  with  carbonate  of 
lime,  it  give  no  precipitate  with  ammonia.  If  the  liuuid  in  the 
receiver  give  a  precipitate  with  nitrate  of  silwt  mmute  of  lime 
existed  in  the  water* 

618.  Moriate  of  magneda  nay  be  delseted  by  separating  all 
the  snlphnric  acid  by  means  of  nitrate  of  baiyta.  Filtert  efapoiste 
to  dryness,  and  treat  the  dry  mass  with  alcohol.  Evaporate  the 
alcoholic  solution  to  dryness,  and  dissolve  the  residunm  in  water* 
The  muriate  of  m^ignesia,  if  the  water  contained  any,  will  be 
found  in  this  solution.  Let  us  suppose,  that,  by  the  tests  formerly 
described,  the  presence  of  muriatic  acid  and  of  magnesia,  in  this 
solution,  has  been  ascertained.  In  that  case,  if  carbonate  of  lime 
afford  no  precipitate,  and  if  sulphuric  acid  and  evaporation,  to- 
gether with  the  addition  of  a  little  alcohol,  occasion  no  precipi- 
tate, the  solution  contains  only  muriate  of  maefnesta.  If  these 
tssts  ffive  precipitates*  we  must  separate  the  lime  which  is  present 
by  sulphuric  acid  and  alcohol,  and  distil  off  the  acid  with  which 
it  was  combined.  Then  the  ma|^esia  is  to  be  separated  by 
oxalic  acid  and  alcohol,  and  the  acid  with  which  it  was  united  is 
to  be  distilled  off.  If  the  liquid  in  the  retort  give  a  precipitate 
with  nitrate  of  silver,  the  water  contains  muriate  of  magnesia. 

519.  Muriate  of  alumina  may  be  discovered  by  saturating  the 
water,  if  it  contain  an  excess  of  alkali,  with  nitric  acid,  and  by 
separating  the  sulphuric  acid  by  means  of  nitrate  of  baryta.  If 
the  liquid,  time  purified,  give  a  precipitate  with  carbonate  of  lime, 
it  contains  muriate  of  alumina*  The  muriate  of  iron,  or  of  man- 
ganese, if  any  be  present,  is  also  decomposed,  and  tiie  iron  pre* 
eipitated  by  this  salt. 

520.  Such  are  the  methods  by  which  the  presence  of  the  dif- 
ierant  saline  contents  of  watera  may  be  asoertained*  Tiie  hdMmr 

How  shall  we  proceed  to  find  whether  water  contains  muriate  of  soda  or 
of  potash  7 — muriate  of  baiy  ta  ?— of  lime  ?>-K>f  magnesia  ? — of  alumina  ? 
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of  analysis  may  be  considerably  shortened  by  observing,  that  the 
following  salts  are  incompatible  with  each  other,  and  caimot  mat 
together  ia  water,  except  in  very  minute  proportion : — 
Salts.  Incompatible  with 

Fixed  alkalme  sulphates  ^  ^^^.^^  ^  n3|pSSL 

C  Alkalies, 

Snlphale  of  lima    .  •   •<  Carbonate  of  magneaiat 

C  Muriate  of  baiyta* 

r  Alkalies, 
1  Muriate  of  baryta, 

Nitrate,  muriate,  carbonate  of  limOf 
(^Carbonate  uf  magnesia, 
r  Alkalies, 

SalphataofmagBaaia  •  <  Moxialaof  baiyta, 

C  Nitrate  and  muitate  of  lime. 

C  Alkalies, 

Salphate  of  im    •  •   <  Muriate  of  baiyta, 

C  Earthy  carbonataa* 

r  Sulphates, 
Miuiate  of  baryta  •   •    <  Alkaline  carbonates, 

C  Earthy  carbonates, 
r Sulphates,  except  of  limoi 

<  Alkaline  carbonates, 
C  £aTthy  carbonates. 
C  Alkaline  caibonatea 
^  Alkaline  aulphatea* 
r  Alkaline  oaroonatea, 

<  Carbonate  of  magnesia  and  alumina, 
C  Sulphates,  except  of  lime* 

521.  Beside  the  substances  above  described,  there  is  sometimes 
found  in  water  a  quantity  of  bitumen  combined  with  alkali,  and 
in  the  state  of  soap.  In  such  waters,  acids  occasion  a  coagulation ; 
and  the  coagulum  collected  on  a  filter  discovers  its  bituminous 
nature  by  its  combustibility. 

•'522.  Water  also  sometimes  contains  extractive  matter;  the 
pr^ence  of  which  may  be  detected  by  means  of  nitrate  of  aOver* 
'The  water  anapeeted  to  contain  it,  moat  be  iireed  ftom  anlphurie 
and  nitric  acid  by  meana  of  nitrate  of  lead ;  after  tliia,  if  it  give 
a  brown  precipitate  with  nitrate  of  ailYer*  we  may  conclade  thai 
eztnctiTe  matter  ia  present. 

How  may  the  labour  of  analysis  be  of\en  abridged  ? 

What  substance*  are  incompatible  in  mineral  water  with  fixed  alkaline 
sulphates  f— with  sulphate  of  lime?— with  ahmil^with  sntphals  of  ma|^ 
netial-^th  inlphato  of  iron  ?— with  mmiata  of  baiylat--of  lime^-4^ 

mn^nesia  ? — with  nitrate  of  lime  ? 

iiow  is  the  presence  of  bitumen  detected  f 
How  that  01  extractive  matter f 


Muriate  of  lime 


Muriate  of  magnesia 
Nitrate  of  lime  •  • 
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Worki  ink  the  JDqmintent  of  ChenMry. 

In  this  and  the  other  lists  of  works  appended  to  the  several 
treatises  contained  in  the  Scientific  Class  Books,  the  works  first 
named  are,  in  general,  those  supposed  to  be  most  easily  procured 
by  the  student,  and  they  are  commonly  the  most  familiar  and 
popalar  in  their  modes  of  treating  iheir  respective  subjects.  The 
latter  titles  in  each  list  are  those  of  works  supposed  to  be  met 
with  principally  in  public  libmies*  - 

Turner^s  ChemiBtiy,  new  edition,  by  Dr.  FnmUin  Bache* 
Philadelphia.  1835. 
Webster's  Manual  of  Cliomiatry,  on  the  Baals  of  Biande'St 

1  Tol.  8vo. 

Henry's  Chemistry,  3  vols.  8vo.  Philadelphia. 

Farraday's  Chemical  Manipulations,  edited  by  Dr.  J.  K.  Mit- 
chell.   Philad.  1  vol.  8vo. 

Dr.  Harems  Compendium  of  Illustrations  in  Chemistry,  &c.  1 
Tol.  8?o» 

Uxe'a  Chemical  Dicttonaiy*  1  vol.  8to. 

Porter^s  Chemiatiy  of  the  Arts,  on  the  Baaia  of  Giay'a  Operatire 

Chemist.   Philad.  1  toI.  8to. 
Silliman's  American  Journal  of  Science,  jMtflm. 

Transactions  of  the  British  Association. 
Berzelius's  Chemistry.  Paris  edition. 
Annales  de  Chemie  et  de  Physique* 
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l/JTm  term  metallurgy  in  its  most  extensiTe  signification,  de- 
ttoles  the  woiking  of  metals^  aidtnay  thus  Indiide  all  openliom 
cooneeted  with  the  raising  of  metauieares  fironi  minea*  or  precuring 
them  from  metalliferous  aands)  those  employed  for  ascertaining  the 
value  of  minerals  whence  metals  are  ootatoed;  the  multifarious 
processes  relative  to  the  extraction  of  the  various  metals  from  their 
respective  ores ;  and  the  still  more  numerous  processes  which  r^^late 
to  manufactures  of  hardware,  steel,  tin-plate,  brass,  bronze,  gold 
and  silver  plate,  as  well  as  of  other  metals  and  their  combinations, 
i^ut  metalfursry  in  a  more  restricted  sense,  is  to  be  regarded  as  a 
department  of  chemistry,  comprising  the  description  and  raiionale 
of  those  cheuiical  operations  by  means  of  which  the  useful 
metals  and  their  alloja  an  aepanted  from  the  saline,  earthj,  or 
atony  auhataacea  ta  oon^unction  with  which  they  are  pieeented  to 
us  hy  natDre.^Under  this  point  of  view  the  aubjeet  will  be  treated 
in  the  following  pages;  but  some  preliminary  notices  of  metallie 
veins  mines,  and  the  art  of  mininnr,  may  be  introduced,  as  beiQg 
botli  IntHrestinar  and  instriictivr,  tending  to  illustrate  the  proper- 
ties and  composition  of  those  substances  to  which  the  attention  of 
the  metallurgist  or  mptallurgic  chemist  is  principally  directed. 
Docimasti'  s,  or  iha  art  of  assaying,  as  a  process  preceding  the 
reduction  uf  metals,  will  also  demand  our  attention,  y 

Mineral  Deposits  mtdMntSm 

3.  Iifatare  presents  metallic  substaneea  to  our  aotioe  scattered 
on  the  surface  or  inclosed  within  the  crust  of  the  terreatial  globe, 

cither  in  a  state  of  purity,  or  in  combination  with  rarious  other  bo- 
dies. These  combinations  are  properly  termed  mineralized  metals, 
or  ores;  metals  in  this  state  beinur  united  to  extraneous  matter, 
which  alters  their  properties  in  such  a  manner,  that  their  real  nature 
can  only  he  ascertained  by  chemical  analysis.  Sometimes  two  or 
more  metals  are  combined  with  the  same  mineralizing  body; 
frequently  a  single  metal  is  united  with  several  such  bodies,  and 
yel  more  frequently,  in  mioea,  are  found  combinationa  eonaiatiog 
of  aemal  metala  and  varioua  mineraliaing  bodies  united  tofpsther. 

S*  A  few  onljr  of  the  metala  (almost  exclusively  those  which 
are  termed  precious  metals)  are  found  in  a  state  of  purity  dis- 
persed through  the  soil  of  valleya,  or  mixed  with  the  aaiid  of 

What  is  the  origin  and  use  of  the  term  metallurgy  ? 
What  may  it  mclude  in  iai  most  extensive  tense! 
What  is  ili  mo6t  restricted  meaning  ? 
What  is  meant  by  docimastics  ? 

In  what  stales  are  metallic  subsianocs  found  in  nature  T 


*  ifrom  the  Greek  MiraXXov,  nutal,  and  "Eoypf,  work. 
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liyers,  or  with  earthy  matter  d^oslted  by  mountain  torrents.  It 
is  tbas  that  gold  and  platina,  and  especially  the  former,  frequently 
occur  in  masses,  often  minute,  sometimes  of  several  pounds 
weight,  and  at  all  intermediate  sizes,  in  alluvial  soil,  from  which 
the  metal  is  separated  principally  by  mechanical  means.  Both 
metallic  ores  and  native  metals  are  occasionally  disseminated  in 
grains  through  rocks,  and  when  they  are  thus  found  in  abundance, 
tk^  whole  mass  of  the  rock  is  woiked  as  a  nine ;  bttt  Hiis  is  com- 
^Qtttively  ssldom  ll»  case*  Tinstone,  or  the  oxide  of  tin,  is 
sometimes  thus  dispersed  throagrh  the  substanee  of  ^nitic  rocks 
in  Cornwall,  but  this  is  generally  observed  in  the  vicinity  of  veins 
^  tin  or^  This  iiMtal  is  likewise  found  in  aUuvial  soil,  in  small 
oodnlar  masses  of  considerable  specific  gravity,  called  stream-tin 
from  the  manner  in  wbioh  it  is  procaredrby  washincr  the  metallife- 
rous sand. 

4AMineral  deposits,  however,  more  usually  occur  in  subterrane- 
ous beds  or  veins.-^  ^Metallic  ores  of  some  kinds  form  renrular 
strata,  or  mineral  beds,  in  secondary  rocks,  or  in  the  more  ancient 
transitioB  and  primary  Tocks2^  Tliese  beds  are  in  ceneral  horizon* 
talf  bat  they  are  sometimes  obsetved  to  be  highly  inclined,  and 
such  strata  have  been  mistaken  for  veins.  ^  The  ores  of  copper, 
iron  and  lead*  am  oeeesionally  found  in  eonjanetioo  in  beds  in 
primitive  monntains,  sometimes  iiavingr  gold  or  silver  intermixed  ' 
with  them.-r  Cobalt,  and  certain  ores  of  mercury,  likewise  form 
sti'ata.  cjron  ore  is  frequently  found  in  beds  of  great  thickness,  in- 
terposed among  rocks  of  gneiss,  mica-slate,  and  clay-slate.  Lead, 
zinc,  manganese,  and  iron  ores  also  ocour  abundantly  in  strata  in 
secondary  mountains.) 

6.\When  a  bed  of  metallic  ore  expands  irregularly,  it  sometimes 
forms  masses  of  snoh  magnitnde  as  to  resemble  small  monntains, 
«s  is  the  ease  witii  iron  ore  in  Sweden  and  Norway^y  v^Metallic 
beds,  however,  are  generally  of  limited  extent,  seldom  traversing 
an  entire  mountain,  bat  gradually  or  suddenly  terminatincr  in  a 
thin  edge ;  in  the  language  of  the  miners,  a  stratum  of  ore  is  said 
to  u>edge  out.  '  Beds  of  minerals  are  not  of  frequent  oc/*tirrence  in 
England,  most  of  the  great  deposits  of  metallic  matter  in  that 
country  being  found  in  veins,  as  is  uniformly  the  case  in  the  great 
mining  districts  of  Cornwall,  except  in  the  previously  noted 
stream-works.  Mr.  Bakewell,  however,  alleges  that  beds  of  cop- 
per pyrites  have  been  wrought  In  transiHon  rocks  in  Cumberland, 

What  varieties  in  the  degree  of  complexity  exiit  in  metallic  mine- 
rals? 

What  class  of  the  metals  are  met  with  UI  liatttnd  ]n  a  Slate  of  purity  f 

In  what  situations  do  they  occur? 

In  what  forms  does  the  ore  of  tin  occur? 

What  is  the  most         ibrinof  mineral  de])06its? 

Ifaw  do  ores  oCcm/jf,  ironNlSMLlead  exist? 

What  kinds  of  ro^fsate  traversed  By  beds  of  iron  ore! 

What  ores  may  be  found  in  stratif  ia  aeocmdary  mountain!  ? 

IVhat  IB  meant  by  wedging  out  i 
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and  that  the  existence  of  mineral  beds  may  be  suspected  in  other 
counties,  where  they  are  often  confounded  with  veins  by  the  la- 
bouring' miners. 

6.  ^Mineral  veins,  from  their  relative  frequency,  constitute  the 
most  considerable  depositories  of  metallic  matter.  Such  veins  are 
not,  at  may  be  supposed  (torn  the  feaenl  application  of  the  teiBiy 
tobes  fitted  with  metal  or  ora,  bat  oxtendedT  pif^ea,  or  lami»«i  oC 
imeqoal  thlokness^^and  tbev  differ  most  essentially  from  bed8||{a 
iBbat  they  do  not  ran  parallel  with  the  direction  of  other  strata.  Sal 
trawase  or  cross  them  vertically,  or  at  various  degrees  of  inclina- 
tion. A  vein  may  be  described  as  a  fissure  in  a  rock,  filled  with 
various  substances.  Humboldt  noticed  a  vein  of  calcareous  spar 
140  feet  in  thickness,  traversing  gneiss,  in  the  Alps  of  Switzer- 
land ;  and  Professor  Jameson  mentions  a  vein  of  porphyry  slate* 
nearly  IGO  feet  wide,  occuring  in  sandstone,  in  the  Isle  oi  Arran, 
and  veins  of  pitchstone  and  greenstone,  varying  in  width  from 
tea  to  one  handred  feet.  Bat  these  do  not  appear  to  havabeaa 
of  the  nataia  of  matailiftfous  Teins  which  are  eommonly  maek 
narrower ;  yet  it  is  said,  that  in  the  silver  mines  of  Paseo,  in 
Peru,  there  is  a  vein  of  brown  ironstone,  oontaining  silTer,  whieh 
is  1300  vards  in  width. 

7.  When  metallic  ores  are  worked  in  beds,  or  in  veins  of  con- 
•    siderable  thickness,  that  part  of  the  rock  which  covers  the  ore  is 

called  the  roof,  and  that  which  supports  it  the  Jloor,  These  terms, 
however,  are  principally  applicable  to  mines  worked  in  an  hori- 
zontal direction.  The  metalliferous  veins  of  Cornwall  which  are 
of  most  im|^(Hrtanoe|,  nsmely,  those  prodaeing  tin  aad  eopper,  ex* 
tend  nearly  m  the  direetion  of  east  and  west,  widi  litUe  vuiation. 
Though  there  are  other  veins,  either  destitute  of  metaUie  matter^ 
or  else  containing  lead  and  silTor,  which  chiefly  ran  north  and 
south.  The  veins  of  Cornwall  scarcely  ever  descend  vertically,  or 
exactly  at  right  angles  with  the  horizon,  but  almost  always  dip 
from  the  line  of  descent;  and  this  deviation  from  the  perpendicu- 
lar is  called  by  miners  the  hading  of  the  vein ;  thus  a  vein  may  bo 
said  to  hade  or  dip  to  the  north  or  south. 

8.  Metalliferous  veins  in  general  seem  to  observe  no  great 
uniformity  of  direetion^  some  descending  ahnoat  perpendicularly, 
and  others  very  obliquely,  in  saeh  a  manner  thatrln  a  ain^  hiU 
instaaees  may  be  obsenrad  in  whidi  Teins  of  diffinent  desenptiona 
dip  or  anderue  in  almosi  all  directions,  traversing  each  other  in 
such  a  manner  as  to  d^  the  calculations  of  the  miner.  The  head 
of  a  vein  sometimes  rises  to  the  surface  of  the  soil,  and  may 
thus  be  disoovered;  and  its  existence  is  occasionally  betrayed  by 

To  what  it  die  term  mhisnil  veiai  epplied  t 

In  what  do  they  differ  from  strata  ? 

What  is  meant  by  the  roof  nnd  what  by  the  floor  of  a  mine  ? 

What  has  been  owerved  ia  regard  to  the  direction  of  metallic  veins  t 

Wbtt  ii  meant  by  dte  hadkig  of  a  vdn  f 
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a  certain  ochraceous  or  rust-like  appearance,  Which  may  be  ob* 
served  above  its  site,  but  this  is  not  very  commoo. 

9.  To  what  dqttk  metallic  yeins  nay  descend,  hae  never  been 
aeeefteiiied,  for  no  insumce  has  yet  oeciunred,  of  the  tefmination  of 
a  vein  beinff  reached,  though  eomelimei  veins  are  found  to  become 
80  thin  and  anprodacttre  as  not  to  repay  the  labour  of  working 
deeper,  but  more  frequently  the  progress  of  the  miner  is  stoppea 
by  water  or  other  obstacles.  Some  of  the  Cornish  mines  are  said 
to  be  nearly  500  yards  in  depth  from  the  surface,  as  the  copper 
and  tin  mine  of  Dolcoath,  which  is  456  yards  deep ;  and  there 
are  several  the  depth  of  which  is  from  300  to  400  yards. 

10.  The  same  vein  sometimes  contains  different  ores  at  different 
depths:  thus  the  ores  of  iron,  copper,  cobalt,  and  silver  are 
found  cuoceMively  in  some  of  Ihe  mines  in  Saxony ;  and  in  France 
tbeie  are  mines  containing  iron  ore,  below  that  sUver  ore,  and  in 
the  lowest  part  copper  ore.  In  Cornwall  salphuret  of  zinc,  or 
blende,  is  found  abundantly  in  the  upper  part  of  veins,  which  lower 
down  are  rich  in  copper,  and  sometimes  tin  in  the  same  manner 
occurs  in  the  superior  part  of  a  copper  vein. 

11.  The  thickness  of  veins,  as  already  observed,  is  extremely 
variable,  the  same  vein  may  be  in  some  parts  but  a  few  inches 
wide,  and  in  others  extend  to  the  thickness  of  many  feet,  or  even 
yards.  The  vein  at  Dolcoath  mine  varies  from  two  feet  to  forty ; 
and  in  some  places  Is  oontiaeted  to  about  six  inches. 

13.  The  v«ns,  independent  of  their  extent,  may  be'cbanictertsed 
as  rich  or  poor.  In  a  Comisk  mine  called  Wmndstt  Colas,  was 
found  a  vein  of  tin  ore  about  tbiee  inches  wide,  yet  so  rich  as  to  bs 
worth  working.  Some  of  the  veins  containing  copptf^  In  Herland 
mine,  did  not  exceed  six  inches  in  width,  and  after  thus  continuing 
for  a  few  fathoms,  they  passed  away  east  and  west  into  mere 
strings,  or  rather  laminae,  scarcely  thicker  than  paper;  but  these 
veins  yielded  ore  of  a  rich  quality.  The  thin  veins  or  threads  of 
metallic  matter  which  sometimes  occur  in  working  mines,  may  be 
worth  pursuing,  independent  of  their  product  of  metal,  as  they 
may  lead  to  vehis  of  much  greater  thickness,  or  to  bunches,  or 
large  masses  of  metal* 

13*  Veins  are  by  no  means  entirely  filled  with  metalliferous 
matter,  which,  in  ^ict,  occupies  comparatively  but  a  small  space, 
the  veins  including  minerals  of  different  descriptions.  The  non* 
metalliferous  parts  of  a  vein,  of  whatever  nature  they  may  be,  are 
usually  termed  by  the  miner  deada^  as  being  unproductive  and  use- 

What  is  known  of  the  depth  of  metallic  veins  ? 

What  ftcti  have  been  ascertained  in  tegard  to  the  fitoation  of  difibreat 
motalllc  ores  in  the  same  mine  ? 

What  degree  of  uniiuaaity  in  regard  to  thickoeaa  characterizes  metaUie 
veins  t 

What  diflbienee  Independent  of  difeetkm,  inelfaatiOD,  depth,  and  diick* 

Iiesa  is  it  important  to  consider  in  regard  to  mRtallic  veins? 
To  what  is  the  term  dcadi  applied  amoog  mineia ! 
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1m8,  Lnie  empty  spaoet  oeoMomlly  oeenr  is  TeiosY  bst  iliis  to 
not  often  the  ease.  Water  is  found  in  \wt§e  qmntities  ia  bhom^ 
•specially  those  which  are  rich  in  tin  or  copper.   The  sides  of 

metalliferous  veins  are  usually  very  determinate,  being"  covered  by 
a  hard,  dark-coloured  incrustation,  called  by  the  miner  the  walls 
of  the  vein :  and  there  likewise  commonly  runs  down  every  vein 
a  small  seam  of  whitish  clayey  matter,  sometimes  adhering  to  one 
side  of  the  vein,  and  sometimes  to  the  other. 

14.  The  same  substance  which  constitutes  the  incrustatiou  of 
the  veins,  is  also  ofleo  intevmiand  with  the  ore,  fonoljig  with  it 
alternating  layers,  and  with  other  sabstanoea  eompoMiiffwhat  ia 
ealM  the  matrix,  gangue,  or  veinstone  6f  the  miaeral.  DfffavaBt 
metals  are  aeoompanied  by  different  kinds  of  gangoe,  the  nature 
of  which  may  enable  the  miner  to  form  a  judgment  as  to  the  pro* 
bable  value  of  the  vein.  Among  the  substances  thns  found  may 
be  mentioned  quartz,  calcareous  spar,  fluor  spar,  called  in  Derby- 
shire blue  John,  and  sulphate  of  barytes,  also  called  cawk; 
besides  which,  the  ores  of  one  metal  are  thus  accompanied  by  those 
of  another,  and  frequently  by  pyrites,  (sulphuret  of  iron.)* 

15.  It  has  been  already  stated  that  in  Cornwall  tin  and  copper 
mines  uniformly  run  in  the  direction  of  east  and  west,  and  that 
other  Teina,  extending  north  and  aonth,  aoaieely  ever  eontahi  a 
trace  of  either  of  those  metals,  being  non-metalHrarooa,  or  else  a£> 
fording  the  ores  of  ailw,  lead,  cobalt,  or  iron,  or  oceadonally 
antimony.  These  north  and  south  veins  are  most  commonly  iiUed 
by  auartz,  by  a  whitish  or  bluish  argillaceons  substance,  or  by  a 
kind  of  ochre,  and  sometimes  by  all  three.  When  such  a  vein 
meets  with  another  containing  tin  or  copper,  it  passes  through  the 
tin  or  copper  vein  without  interruption,  while  the  latter  becomes 
split,  or  frittered  into  numerous  small  branches,  and  sometimes  its 
contents  seem  to  be  dissipated,  so  that  the  miner  loses  all  traces  of 
the  vein,  or  only  recovers  it  after  a  tedious  search  at  the  distance 
of  perhaps  between  400  and  500  feet.  North  and  south  veins  dif- 
fer greatly  in  breadth,  but  whatever  be  their  dimensions,  they 
always  divide  the  tin  or  copper  veins  which  they  encounter,  and 
genanlly  alter  the  direction  of  the  latter,  or,  in  the  language  of 
me  miner,  kitwe  lAiem  out  their  course. 

16.  The  manner  in  which  metalliferous  veins  are  sometimes  in- 
terrupted by  others,  may  be  illustrated  by  the  following  section  of 
the  mine  of  Tincroft,  in  Cornwall  i 

By  what  substances  are  veins  commonly  bordered  ? 
What  it  meant  bv  matrix  f 

Of  what  materials  is  the  matrix  of  ore  often  composed  ? 
What  difference  has  been  observed  in  the  veins  of  the  same  mine  which 
vary  in  direction  ? 

What  dsM  of  veins  in  Cornwall  appeals  to  have  dtviM  and  lieairal 
aaecher  at  right  angles  10  it!  # 
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A,  B,  represents  the  surface  of  the  mine  with  a  vein  fanning 
from  north  to  south,  and  crossed  by  tin  and  copper  veins,  from  east 
to  west.  The  veins,  C,  D,  E,  are  veins  of  copper,  F,  G,  H,  veins 
of  tin,  and  I,  a  vein  yielding  both  tin  and  copper.  Two  of  the  cop- 
per, and  one  of  the  tin  veins,  running  east  and  west,  are  intersected 
by  the  non-metalliferous  north  and  south  veins,  by  which  they  are 
heaved  out  of  their  regular  course  towards  the  south.  It  may  also 
be  perceived  that  one  of  the  tin  veins,  F,  is  intersected  by  two  ofj 
the  copper  veins,  C  and  D,  which  pass  through  it  without  affect- 
ing its  direction. 

17.  The  manner  in  which  copper  veins  intersect  those  of  tin, 
always  passing  through  them,  and  generally  heaving  them  from 
their  course,  may  be  understood  from  the  following  section  of  the 
Pink  mine : 


A,  B,  may  be  supposed  to  represent  the  surface,  along  which 
runs  a  vein  from  north  to  south,  intersecting  metal liferious  veins, 
passing  from  east  to  west.  The  veins  C,  D,  E,  are  copper  veins, 

Construct  and  explain  th«>  plan  of  Tincrolt  mine  ? 

Exhibit  and  explain  the  manner  of  heaving  out  a  tin  vein  by  one  of  copper. 
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and  F,  a  vein  of  tin  ;  and  here  it  will  be  seen  how  three  of  these 
veins  have  their  western  sides  heaved  towards  the  north,  by  the 
non-metalliferous  vein  passing  through  them.  The  tin  vein  run- 
ning near  the  southern  extremity  of  the  mine,  underlies  greatly 
towards  the  north,  while  the  copper  veins,  on  the  contrary,  under- 
lie towards  the  south.  One  of  the  latter  veins,  C,  meeting  the 
tin  vein,  F,  in  its  course,  interrupted  it,  and  heaved  that  part  of  it 
northward  of  the  point  of  intersection  twenty-four  fathoms  nearer 
to  the  surface,  and  the  same  tin  vein  was  interrupted  by  another 
copper  vein,  D,  and  heaved  about  ten  fathoms  towards  the  sur- 
face; a  third  time  it  was  cut  through  by  another  copper  vein,  E, 
not  shown  on  the  surface,  and  again  heaved  somewhat  out  of  its 
course. 

18.  Sometimes  one  vein  crosses  another  without  causing  any 
change  of  direction,  and  if  both  have  nearly  the  same  inclination, 
they  are  usually  richer  near  their  junction.  Where  two  veins  in 
the  same  district  have  the  same  direction,  or  run  parallel,  it  has 
been  observed  that  their  contents  are  similar;  but  where  they  run 
in  contrary  directions,  their  contents  are  dissimilar. 

19.  Molina,  in  his  History  of  Chili,  gives  an  account  of  a  vein 
of  silver  at  Uspalta,  in  the  Andes,  which  is  nine  feet  in  thickness 
throughout  its  extent,  having  been  traced  ninety  miles  ;  and  it  has 
smaller  veins  branching  off  on  either  side,  and  penetrating  the 
adjacent  mountains  to  the  distance  of  thirty  miles.  It  has  been 
conjectured  that  this  vein  reaches  300  miles. 

20.  In  Northumberland  and  Durham,  cross  courses  have  been 
found  to  contain  ore  near  their  junction  with  strong  veins.  In 
Cornwall,  at  Botallac  mine,  near  the  Land's  End, across  course  run- 
ning north  and  south,  is  enriched  by  the  junction  of  east  veins, 
which  have  been  compared  t8'  small  rivulets  opening  into  a  river. 
The  cross  course  is  rich  in  ore  to  the  extent  of  twenty  or  thirty 
fathoms  on  either  side  of  its  junction  with  a  vein,  but  no  veins  are 

found  branching  from  the  west  side  of  the 
cross  course.  The  vein  contains  gray 
copper  ore  of  a  fine  quality.  Sometimes 
a  vein  contains  tin  ore  in  the  centre,  sur- 
rounded laterally  by  copper  ore,  as  repre- 
sented in  the  marginal  figure. 

In  this  vertical  section  of  a  part  of  the 
vein,  T  denotes  the  central  portion,  con- 
sisting of  tin,  and  C,  C,  the  copper  ore 
on  each  side  of  it.* 

What  remark  has  been  made  respecting  the  junction  of  two  veins  which 
do  not  displace  one  another  in  crossing  ? 

What  description  has  been  given  of  a  vein  ofsilver  ore  in  South  America? 

What  example  is  found  among  the  Cornish  mines  of  cross  courses  enrich- 
ing the  main  vein  ? 

In  what  arrangement  are  the  ores  of  tin  and  copper  sometimes  placed 
within  a  common  vein  ? 

*  BakcwcU's  Introd.  to  Geology,  Silliman's  ed.  p.  300. 
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SI.  The  different  metals  are  foaod  mpectitely  in  different  parts 
of  the  world,  in  Tarioas  sitaations,  and  aBsocis^  with  pecoliaf 
kinds  of  rocks,  stones,  sand,  or  alluvial  soil. 

Goldis  found  in  America,  in  Mexico,  Brazil,  New  Granada,  Chili, 
Peru,  and  Buenos  Ayres  ;  in  the  United  JSiates  it  is  found  in  Alaba- 
ma, Georo^ia,  North  and  South  Carolina,  Virginia,  and  probably  in 
some  of  the  states  farther  north  ;  in  Jfn'ca,  in  Kordofaii,  Banibouk, 
and  on  the  eastern  coast  opposite  the  island  of  Madagascar,  and 
especially  in  Sofala,  supposed  to  be  theeoontry  of  Ophir,  mentioned 
by  the  Jewish  writers ;  in  Mtt^  in  Thibet,  Japan,  Formoeat  Cey- 
lon, Java,  Samatniy  Borneo,  the  Philippines,  and  other  islands  of 
the  Indian  Archipelagro,  in  Siberia,  in  the  Ural  and  Altai  mountains, 
between  the  rivers  Obi  and  Irtisch  ;  in  Europe,  in  Hungary,  Tran* 
sylvania,  the  country  round  Salzburg^,  and  the  Hartz  mountains, 
in  Piedmont,  in  Spain,  chiefly  in  the  Asturias,  and  the  Pyrenees, 
in  France,  in  rivers  occasionally  in  small  quantities,  andjormerly 
in  Thrace,  Macedonia,  and  some  of  the  Greek  islands. 

22.  Gold  occurs  in  primary  and  transition  rocks,  in  porphyry 
and  syenite,  and  in  the  lowest  sandstone ;  it  has  been  occasionally 
fi>and  in  ooal,  and  sometimes  in  volcanic  rocks,  and  most  abun- 
dantly in  the  sands  bf  rivers,  or  in  that  mixture  of  alluvia!  matter  * 
called  cascalhao,  consisting  of  pebbles,  gravel,  and  minute  parti- 
des  of  siliceous  and  argillaceoiois  earths,  and  oxide  of  iron.  It  is 
usually  in  the  state  of  grains,  minute  scales,  or  pellets  of  yarioua 
sizes,  and  it  is  thus  collected  by  the  African  riegroes,  and  brought 
for  sale  in  ostrich  and  vulture  quills.  Sometimes  it  is  met  with 
in  large  masses ;  in  1730,  a  block  was  discovered  in  Peru,  weighing 
forty-five  pounds;  and  about  1810,  gold  was  obtained  from  several 
rivers  in  North  Carolina,  one  mass  weighing  twenty-ei^ht  pounds. 
This  mietal  is  sometimes  disseminated  in  threads  or  in  laminee 
alloyed  with  tellurium  and  silver,  and  it  is  likewise  mixed  with 

-  the  sulphnrets  of  iron,  of  silver,  of  copper,  of  arsenic,  of  mercury, 
and  other  metals. 

23.  Platina  was  first  discovered  in  the  provinces  of  Choco  and 
Bogota  in  South  America,  and  it  has  since  been  found  in  the  pro- 
vince of 'Barbacoas,  near  the  shores  of  the  South  Sea;  in  Brazil, 
in  the  island  of  St.  Domingo,  in  North  America,  in  very  minute 
quantities  in  ores  of  argentiferous  grey  copper  at  (Guadalcanal  and 
Casalla,  in  Spain ;  and  recently  in  greater  abundance  on  the  west- 
ern or  European  side  of  the  Ural  mountains,  in  the  territories  of 
Russia.  It  occurs  generally  in  the  sands  of  rivers,  intermixed 
with  palladium,  rhodium,  osmium,  iridium,  and  Aher  metals. 

34.  Sther  is  found  in  Jmerka^  in  Mexico,  Peru,  Chili,  and 

In  what  countries  of  the  world  ii  gold  found  t 

In  whnt  species  of  rocks  is  it  discovered  ? 
Where  is  it  found  in  the  greatest  abundance  ? 

What  TemftTkal^le  mumoa  of  nadve  gold  have  been  met  with  f  # 
^   Whoro  is  platina  found  in  the  greatest  abundance  in  the  pwwont  daf  I 

In  what  situations  does  it  occur? 

With  what  other  mouds  is  it  intermixed  ? 

B 
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Buenos  Ayres ;  in  Asia,  in  China,  Thibet,  and  Siberia ;  in  Europe^ 
in  Norway,  Sweden,  Hungary,  Saxony,  Transylvania,  Moravia, 
Austria,  Bohemia,  the  Tyrol,  Hanover,  Brunswick,  Prussia,  the 
Netherlands,  France,  Savoy,  and  (ireat  Britain;  but  in  the  latter 
only  as  a  subordinate  product  of  lead  or  copper  ores.  It  occufb 
priuciually  in  veins  in  primiUve  rocksy  and  in  some  transition  and 
Moonaary  roefca. 

95.  Lmd  is  found  in  Jimeriea^  in  Mexico,  Brazil,  and  the  United 
States ;  in  the  Russian  empire  in  the  enTirona  of  Nertsohinak  on 
the  frontiers  of  Chinese  Tartary,  and  in  Armenia;  in  Europe,  in 
France,  Savoy,  the  Netherlands,  the  Prussian  States,  the  Hartz 
Mountains,  in  Saxony;  in  the  Austrian  dominions  and  other 
parts  of  Germany;  in  England,  especially  in  Derbyshire  and 
Lancashire;  in  Scotland,  in  Ireland,  and  in  Spain.  Galena, 
which  is  the  most  common  ore  of  lead,  occurs  in  primitive  as 
Well  as  secondary  rocks,  and  in  Great  Britain  the  richest  mines 
are  in  slate  and  limestone.  Lead  orea  are  found  generally  in  the 
older  Tocka,  except  trap  and  serpentine;  in  porphyry  and  syenite^ 
in  the  lowest  sandstone,  and  occaaionallv  in  strata  of  eoal. 

26.  Copper  is  found  in  Europe^  in  France,  Germany,  Tran- 
'  sylvania,  Silesia,  Sweden,  Norway,  Great  BritaiUi  Ireland,  and 
Spain  ;  in  Asia,  in  Siberia,  Kamtschatka,  Japan,  China,  Per- 
sia, Arabia,  and  the  Indian  Islands  ;  in  Jlfrica,  in  Carbary,  Mo- 
rocco, Abyssinia,  in  the  mountains  north  of  the  (Jape  of  Good 
Hope,  and  in  the  Namaqiia  country;  in  America^  \n  the  North- 
western Territory,  in  Pennsylvania,  and  various  other  parts  of  the 
United  Stales,  in  Mexico,  Chili,  and  Brazil,  in  which  last  coun- 
try a  mass  was  discovered  weighing  3666  PortU|pruese  pounds.  It 
occurs  in  primitive  and  transition  rocks,  porphyry,  syenite,  and 
aometinu-s  in  sandstonot  in  coal  strata,  and  alluvial  soil. 

27«  Tin  is  found  in  England  more  abundantly  than  in  most 
other  countries,  mines  or  tin-works  of  some  kind  having  existed 
in  Britain  berf)re  it  was  known  to  the  Romans,  and  it  was  imported 
from  that  island  by  the  mariners  of  Phenicia  and  Carthairo.  The 
other  parts  of  Europe  in  which  it  principally  occurs,  are  Saxony, 
Bohemia,  and  France;  the  quantity  found  in  Spain  and  Portugal 
is  inconsiderable.  In  A.v'a  it  is  found  in  Ciiina,  Siam,  Pegu,  in 
Sumatra,  Ceylon,  Banca,  and  other  islands;  and  in  Anurica,  in 
Mexico  and  Bnenoa  Ayres.  It  is  considered  as  one  of  the  most 
ancient  of  metala,  having  been  discovered  only  in  primitire  rocks, 
as  granite,  gneiss,  mica-slate,  and  clay-alate,  or  aiaseminated  in 
soils  formed  froti  the  drrom position  of  such  rocka. 

28.  Mercury  is  found  in  Europe^  in  France,  Bavaria,  the  Aus- 
trian dominions,  and  Spain,  and  in  Italy  and  Sicily,  but  in  com- 
paratively  small  quantities ;  in  Aiia  the  most  productive  mines 

m  what  countries  lias  silver  been  found  ? 
•  In  what  elate  of  nicki  ere  lead  ores  most  abundant! 

What  countries  possess  mines  of  copper?  ■ 
In  what  variety  of  rocks  or  soils  docs  it  occur  ? 
Why  is  tfai  regarded  as  among  the  oldest  meials  ? 
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eie  in  China  and  Japan ;  and  fa  Jmeriea^  fn  Mexloo  and  Peni, 
especially  that  of  OaaneaveUca.  Mercaiy  differs  from  the  metaL 
Just  notieedy  oecmring  but  rarely  and  in  small  quantities  in  primi* 
live  countries,  the  principal  deposits  being  found  in  bitaminoas 
slate,  shell-limestone,  and  breccias.  Dolomieu  discovered  it 
among  the  products  of  TolcanoeSy  doubtless  sublimed  by  subter- 
ranean fires. 

29.  Iron  is  the  most  abundant  of  metals  in  every  part  of  the 
world,  and  is  found  in  Europe,  in  K norland,  Scotland,  in  Ireland 
more  rarely,  in  France,  Sweden,  Norway,  the  Austrian  empire, 
in  the  southern  part  of  Russia,  in  Bavaria,  Prussia,  Saxony, 
Hesse,  the  Netherlands,  Switzerland,  Savoy,  Piedmont,  Naples,* 
Sardinia,  Elba,  Spain,  and  Portugal ;  in  •tfna,  in  Siberia,  Arme- 
nia, Natolia,  Persia,  Arabia,  Tartary,  Indostan  and  China;  in 
Jljrica^  in  Morocco,  and  in  Congo  ;  and  in  America^  abundantly  in 
several  of  the  United  States,  in  Mexico,  and  Brazil.  This  metal 
is  so  generally  dilTused  throughout  the  mineral  kingdom,  that,  as 
Mr.  Tlrande  observes,  "  there  are  comparatively  few  fossils  which 
can  be  said  to  be  perfectly  free  from  it."  There  is  no  kind  of 
rock  or  formation — primitive,  transition,  secondary,  alluvial,  or 
volcanic — in  which  it  does  not  make  its  appearance ;  and  its  saline 
combinations,  being  dissolred  in  subterraneous  waters,  form  chaly« 
beats  fringe. 

30*  The  principal  mines  of  Antimony^  in  Europe^  are  those  of 
Scotland,  Hungary,  Bohemia,  Saxony,  France,  Spain,  Transylva- 
nia, and  at  Neuweid,  below  Coblentz,  on  the  right  bank  of  the 
Rhine;  and  in  America^  in  Mexico  and  Brazil.  It  occurs  in'primi- 
tive  and  transition  rocks,  exclusive  of  trapp  and  serpentine;  and 
likewise  in  porphyry  and  syenite. 

31.  Bismuth  is  obtained  in  England,  France,  Germany,  and 
Sweden  ;  in  Siberia  and  in  Brazil ;  chiefly  from  mines  of  other 
metals.    It  appears  to  beU)n^  exclusively  to  primitive  countries. 

33.  Zine  is  found  in  Belgium,  in  the  territory  of  Limburg,  in 
Prussia,  Austria,  France,  Spun,  and  England ;  in  Siberia,  where 
the  mines  are  not  worked  ;  and  in  America.  It  occurs  in  primi* 
tive,  transition,  and  secondary  rocks,  calcareous,  ari^Uaoeous,  and 
siliceous. 

33.  Cobalt      found  in  Saxony,  Austria,  Prussia,  Hesse,  and 
other  parts  "of  Germany,  Norway,  and  Sweden ;  likewise  in 
*  France  and  vSpaiii,  but  the  mines  are  not  worked.    It  occurs  in 
primitive  nmuntains,  except  those  of  limestone,  trapp,  and  serpen- 
tine ;  and  likewise  in  transition  mountains,  and  in  sandstone. 

In  what  countries  is  mercury  found  in  the  greatest  abundance  { 
In  what  classes  of  rocks  in  it  met  with? 

Which  of  the  metals  is  found  in  the  mateat  abundance  in  nature  7 

What  has  been  remarked  of  its  prevalence  in  various  geological  forma- 
tions ?  la  what  countries  and  in  what  clan  of  rocks  does  antimony  oc- 
cur ? — bismuth  ? — zinc  ? — cohalt  ? 

*  Oxidulaied  iion  is  iaid  to  have  bsen  collected  on  the  soa-ihmt  nssr 

Fuzzuoli. 
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34«  IMul  is  fovnd  in  France,  Spain,  Bohemiif  and  ia  England 

more  rarely  ;  likewise  in  Siberia;  and  it  is  a  gfeneral,  if  not  a 
constant  component  part  of  aerolites.  This  metal,  which  is  one 
of  the  least  abundant,  is  usually  met  with  in  the  same  situations 
with  cobalt  aad  arsenic,  accompanying  the  ores  of  those  metalUc 
bodies. 

35.  Manganese  is  amon^  the  products  of  the  mines  of  England, 
SooUand,  Franoe,  Hungary, lVBiisjl?ama,  Saxony,  and  Bohraua. 
It  ia  foiiiid  in  primitiTe  and  tianaitioii  mountaiDa,  and  aomettmea 
in  the  lower  airatified  rocks. 

36.  Chrome  occurs  in  France,  Norway,  tha  Tyrol,  and  at  Eka- 
tberineberg,  in  the  Ural  Monntaiaa.  It  ia  genarally  embedded  in 
gneiss  or  mica-slate. 

37.  Arsenic  is  found  in  Saxony,  Silesia,  Baden,  Hun&rary,  and 
Transylvania;  and  in  England,  in  Cornwall;  in  Siberia,  in  Ar- 
menia, on  the  right  bank  of  the  Euphrates,  and  elsewhere;  in 
the  tin-mine  of  Kianfu,  in  China ;  and  in  Mexico.  It  occurs  in 
primitive  and  transition  mountains  and  in  porphyry.* 

The  other  metals  hare  aoaicely  yet  beap  applied  to  any  pur- 
poaaa  of  utility ;  and  moat  of  them  aie  of  rare  oeeamnee* 

Ari  of  Mimng. 

38.  The  working  of  mines  for  the  purpose  of  extractin  rr 
metallic  ores,  may  be  supposed,  like  several  other  useful  arts, 
to  have  originated  from  accidental  circumstances.  It  has  been 
already  stated,  that  some  metals,  and  especially  gold  and  silver, 
have  Men  oeeaaionally  found  on  the  anrfaoe  of  the  earth,  or  at  an 
incbnaiderable  depth  breath  it ;  and  hence  it  may  not  anreaaoiiably 
be  presumed,  mankind  first  became  aeqnaintcd  with  the  treasniA. 
of  the  mineral  kingdom  of  nature,  mt  though  accident  might, 
have  led  to  the  discovery  of  the  precious  metals,  which  always 
occur  in  a  state  of  purity,  oir  else  mechanically  mixed  with  other  * 
substances,  tliai  is  by  no  means  the  case  with  the  metals  in  gene- 
ral, by  far  the  greater  number  being  obtained  in  the  form  of  ores, 
consisting  of  sulphurets,  oxides,  chlorides,  or  metallic  sails,  con- 
stituting chemical  compuuniJs,  often  presenting  to  the  inexpe- 
rienced eye  no  traces  whatever  of  the  usual  ch^£|ctari8tics  of  a 
metallic  body. 

89*  If  metala  in  anch  a  atate,  had  been  commonly  dispersed 

In  whnt  countries  and  in  what  class  of  rocks  does  nickel  occur  f 
With  what  metals  is  nickel  commonly  associated  ? 
In  what  countries  and  in  what  situations  is  manganese  fuund  ? 
Where  is  chrome  obtained? — arsenic  ? 

Udw  may  we  suppose  the  working  of  metals  to  have  originated  ? 

In  what  four  classes  of  compounds  does  the  greater  number  of  metals 

occur  in  nature  ? 

•  Nouv.  Diet.  d'Hist  Natur.  appliquee  aux  Arts,  &c.  Paris,  torn.  xxi. 
1818;  Art.  Mine;  Bakewell's  Introd.  to  Geology,  chap.  xix. ;  and  M<Stal- 
lurgie  Pratique,  formant  pahie  de  la  Biblioth^ue  Industrielle.  Paris,  1627 
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on  the  superfices  of  the  terrestrial  globe,  they  might  fatMgw  1itt6 
passed  unnoticed  or  unappropriated,  till  their  real  nature  and  com- 
position had  been  developed  by  some  fortunate  accident,  or  ascer- 
tained by  the  slow  process  of  observation  and  experiment.  Soma 
have  ascribed  the  discovery  of  the  nature  of  metallic  ores,  and 
of  the  method  of  reducing  them,  to  the  conflagration  of  forests  oa 
the  sides  of  metallifeious  moantains. 

40*  Bu(hop  WatsoD  says,  <^  Tbte  most  obTions  metkod  of  clear- 
in|^  a  eoant^  of  its  wood  is  setting  it  on  fire;  now  in  most 
mineral  oonntries  there  are  veins  of  metallie  oies,  which  lie  oon- 
tigruous  to  the  surface  of  the  eanh»  and  tiiese  havliif  been  fused 
whilst  the  woods  growing  over  them  were  on  fiTe»  probably 
suggested  to  many  nations  the  flrst  idea  of  soMlting  <Mces ; 


'  Powerf  ul  gold  first  raised  his  head. 


And  brass  and  silver,  and  ignoble  lead : 

When  shady  woods  on  lofty  mountains  grown, 
Felt  scorching  fires  ;  wheihcr  from  thunder  thrown. 
Or  else  by  man's  design  ihe  flames  arose— 
IVbataver  'twas  that  cave  these  flames  their  birflv 
Which  burnt  the  tow  rinff  trees  and  scorch'd  the  earth; 
Hot  streams  of  silver,  gold,  and  lead,  and  bnMB, 
As  nature  gave  a  hollow,  proper  place, 
Deseendeddotm  and  Ibrmed  a  gf  itt'ring  masi.* 

41.  There  is  no  natural  a^urdity  in  this  notion  of  the  poet; 
and  indeed  it  is  confirmed  by  the  testimony  of  various  ancient 
historians,  who  speak  of  silver  and  other  metals  being  melted  out 
of  the  earth  durinor  the  burning  of  the  woods  upon  the  Alps  and 
the  Pyrenees.  A  similar  circumstance  is  said  to  have  happened 
in  Croatia,  in  the  year  1762 ;  a  lar^e  mass  of  mixed  metal,  com- 
posed of  copper,  iron,  tin,  and  silver  having*  been  fluxed  during 
the  conflagration  of  a  wood  which  was  accidentally  set  on  fire."* 

42.  The  diseoveiy  of  the  existence  of  Teios  of  metsllie  ores  within 
the  bowels  of  the  earth,  whether  it  orimnated  solely  firom  the  re- 
seavehes  undertakeii  in  consequence  m  such  fortuitons  oireum- 
stances  as  those  here  specified,  or  from  some  other  causes,  must 
hare  led  to  some  of  the  simpler  processes  of  mining ;  and  the  art 
most  have  been  improved  and  extended,  like  other  arts,  by  the 
invention  of  methods  for  overcoming  occasional  obstacles,  and 
throucrh  the  necessity  that  from  time  to  time  occarred  of  making 
experimental  researches. 

43.  In  the  prostcution  of  such  undertakings  the  miner  must 
frequently  be  guided  by  appearances,  on  which  he  may  perhaps 
be  induced  to  rely,  without  beingf  at  all  able  to  trace  their  eoii- 
nexion  with  the  objects  of  which  he  is  in  quest  **Thas  a  greeny 

•I^  what  occurrenoet  has  the  disooveiy  of  the  art  of  workuig  metaJs 

been  ascribed  ?  „•  , 

What  testimony  have  we  of  the  correctness  of  this  supposition? 

*  Chemical  Eaiays,  voW* 
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earthy  matter  is  a  good  symptom  in  a  tin  mlw ;  a  brown,  oekty 
earth,  and  eompaet  iwm  pyrites,  are  regarded  m  fovombie  omens 
in  a  copper  mine*  Detatehed  pebbles  of  ore,  or  ftapnents  of 
veinstones,  have  sometimes  led  to  the  riches  of  the  vem ;  and  tin 
has  especUUy  been  thus  discovered  in  Cornwall.  The  miners, 
though  a  shrewd  class  of  people,  are  often  preyed  upon  by  the 
most  vulgar  superstition,  and  many  ancient  absurdities  are  still 
retained  and  cherished  in  their  art.  The  divining-rod  and  other 
oracles  are  yet  consulted  ;  genii  are  said  to  preside  over  the  mines, 
and  he  who  inadvertently  whistles  when  below  ground,  breaks 
the  spirits  of  his  compamons  liwr  the  day,  though  fieely  permitted 
to  indalge  in  his  mnsieal  dispositten  in  the  form  of  a  song. 

44»  **In  older  mineralogieal  works,  we  read  much  upon  these 
and  other  subjects.  Flames  of  light  have  been  described  as 
playing  over  a  district  which  afterwards  has  been  found  to  contain 
subterranean  riches ;  and  this  may  have  arisen  from  the  good 
electrical  conducting  powers  of  the  vein.  The  waters  issuing 
from  the  soil  sometimes  hold  metallic  salts  in  solution,  and  re- 
positories of  metals  have  been  discovered  by  circumstances  of 
this  kind.  Copper  veins  tinge  waters  blue,  and  a  piece  of  grrease 
put  into  them  becomes  rapidly  stained  of  that  eolonr.  There  is  no 
popular  notion  moie  common  than  that  metsls  grow  in  the  Teins; 
an  idea  which  may  ▼ery  probably  have  originated  from  obeemng 
the  depositions  of  one  metal  by  die  introduction  of  another  into 
its  solution,  as  when  silTer  is  pMlq>itated  by  the  introduction  of 
a  plate  of  copper  into  its  solution,  or  copper  by  iron. 

45.  Districts  rich  in  metals  are  generally  barren,  and  seem  pe- 
culiarly dreary  and  desolate  to  the  traveller.  This  partly  arises 
from  the  nature  of  the  strata,  and  partly  from  the  heaps  of  rubbish 
and  hills  of  stone  thrown  upon  the  surface,  and  partly  from  the 
operations  carrying  on  in  the  vicinity  being  inimical  to  vegetation. 
The  high  road  through  Cornwall,  especially  neer  Redmdiy  is  an 
excellent  specimen  of  this  kind  of  country ;  while,  at  the  same 
time  the  romantic  beauty  and  luxuriant  vegetation  of  many  parts 
of  that  county  and  of  DeYonshire,  prove  that  exterior  cultivation 
is  not  always  incompatible  with  internal  riches.  The  neighbour- 
hood of  the  Parys  mountain,  in  Anglesea,  is  singularly  marked  by 
sterility  and  gloominess.  The  soil,  naturally  unproductive,  is 
rendered  more  so  by  the  poisonous  waters  that  traverse  it,  and  by 
the  sulphurous  vapours  that  float  around.   There  are  not  only  no 

What  exterior  characters  of  the  ground  are  oflen  relied  oo,  to  hidicate 
die  presence  of  metallic  ores  beneath  the  snrfare? 
What  superstitions  are  prevalent  in  mining  districts  ? 
What  aid  have  the  waten  of  a  country  heien  finmd  to  afibid  in  judging 

of  its  mincrnl  treasures? 
What  notion  in  entertained  respecting  the  growth  of  metallic  veins? 
What  state  of  soils  appears  to  prevail  in  mining  districts  ? 
To  what  is  this  atttibuted  ? 

By  what  circumstance  incident  to  numng  opentkHM  M  die  natofsl  ats- 
rility  of  the  soil  increased  ? 
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fihrubs  and  trees,  but  the  barrenness  is  unrelieved  even  by  a  single 
blade  of  grass,  or  the  rusty  green  of  a  hardy  lichen.*** 

4t.  The  oonttnietion  of  worica  in  mines  must  vary  aceording  tc 
olremnstanoes,  as  'the  fbnne  of  hills,  the  pontion  of  oree  in  beds 
or  yiens,  snd  ^e  obstacles  to  be  encountered  in  excaTatin^  Ihem* 
Sometimes  mines  are  formed  by  driving  a  level  from  the  mountain 
to  reach  the  yein,  the  contents  of  which  may  be  removed  through 
this  lateral  opening-,  in  which  case  shafts  are  only  required  for  ven- 
tilation. This  seems  to  be  among  the  simplest  modes  of  opera- 
tion ;  and  another  is,  following  the  ore  from  its  outlet  at  the  sur- 
face as  far  as  circumstances  will  allow.  When  regular  metallic 
viens  are  found  in  primitive  rocks,  they  are  sometimes  worked  to 
great  depths  by  more  varied  and  extensive  operations,  being  oc- 
easional^  earriad  b^ow  the  level  of  the  aea.  In  anoh  eaaea  i»er- 
pendhmlar  ahdii  arefomed,  by  means  of  which  the  aocamnlating 
water  is  drained  by  machinery ;  and  fhese  shafts  commnnicate 
with  levels  driven  npoft  the  lode  or  vein  at  vailons  depths. 

47.  The  art  of  minincr  comprises  a  variety  of  processes,  essen- 
tial or  accessory,  the  most  important  of  which  are  included  in  the 
following  enumeration: — (1.)  Works  of  research,  undertaken  for 
the  purpose  of  discovering  metallic  beds  or  viens.  (2.)  The  con- 
struction of  shafts  and  galleries.  (3.)  The  tracing  of  the  bearing, 
direction,  and  probable  extent  o^^the  mineral  deposits.  (4.)  Exca- 
Tating  the  mettdlie  oies.  (^y^Korks  requisite  for  ensuring  the 
seennty  of  the  shafts  and  gallS|f;  as  propping,  planking,  plasteiw 
inff,  walling,  bnilding  aieneSf^}*  (6.)  Making^  air-shafts  or  fun* 
nels,  and  other  arrangements  necessary  for  securing  a  proper  Tenti- 
latiotty  throughout  the  works.  (7.)  Methods  of  raisin&r  or  transport- 
ing ores  or  minerals  to  the  surface.  In  the  mines  ot  England  and 
Sil  lesia,  iron  railroads  or  canals  are  sometimes  constructed  Tor  the 
conveyance  of  the  mineral  produce  ;  as  in  the  Worsley  coal-mines, 
in  Lancashire,  where  subterranean  canals  were  formed  by  the  cele- 
brated Brindley,  before  the  middle  of  the  last  century. 

48.  In  the  iron  mines  at  Fahlun,  in  Sweden,  and  in  the  mines  of 
rock-salt,  in  Cblitsia  and  elsewhere*  whence  exoarations  are  suf- 
ficiently capacious,  horses  are  sometimes  introduced  to  work  under 
ground,  a  practice  which  does  not  appear  to  have  been  adopted  in 
England ;  thouffh  those  animals  were  commonly  employed  to  work 
machinery  on  me  surface,  before  the  introduction  of  steam-engines 
into  the  mining  districts,  and  are  still  used  in  many  situations. 

What  is  one  of  the  simplest  modes  of  arriving  at  subterranean  veins  of 
ore  ?  In  what  manner  is  this  efibeted  m -level  countries  ? 
What  is  meant  by  the  term  lode  in  mining  ? 
What  is  the  first  kind  of  labour  connected  with  this  artf 
What  is  the  second  i  third  ?  fourth  ? 

What  kind  of  precautionary  operations  do  the  preceding  labours  require  ? 
What  worloi  are  neoeiBaiy  with  a  view  to  Ibm  health  and  comlbnof  the 

miners  ? 

What  for  the  removal  of  the  products  of  the  mine  ? 

*  Biando's  LectaiM  on  Geokgy,  hvt  vi 
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(9.)*Removin9  of  stopping  oat  water.  (9.)  The  aecessory  opera- 
tions of  blasting  rocks  with  gunpowder,  or  firing  them  by  kindling 

on  their  snrfacp  lartro  piles  of  wood,  and  thus  causinff  them  to  split 
by  ihii  efl'ect  of  heiit,  as  is  practised  in  the  mines  of  Kammelsberor, 
ill  tlie  Hartz ;  tliose  of  Geyer  and  Altenberg,  in  Saxony ;  of  Fei- 
sobanya,  in  Transylvania;  of  Kongsberg,  in  Norway;  and  others. 
(10.)  Among  tlie  most  important  accessory  arrangements  are  those 
which  relate  to  lighting  the  mines  and  providing  agrainst  the  daa« 
ger  of  «zp]o8ioii  where  the  inflamaiable  vapoar  eSM  fire-damp 
oocttrs;  and  to  obmte  tide,  fariooe  plans  have  been'  adopted,  as 
the  use  of  steel-mills,  and  Davy^s  wins  gaoae  lamps.* 
^49.  Any  detailed  notice  of  mining  operatioaStt  though  it  might  be 
rendeved  interesting,  would  be  quite  inconsistent  with  the  plan  of 
this  work ;  but  a  few  particulars  may  be  added,  relative  to  the 
manner  in  which  gold  and  silver  mines  were  worked,  both  in 
Europe  and  America,  in  the  seventeenth  century;  and  also  con- 
cerning the  modes  of  proceeding  at  present  among  the  miners  in 
Cornwall,  England. 

50.  At  Kremnitz,  in  Hungary,  there  is  a  gold  mine,  which 
when  it  was  yialted  by  Dr.  fi£m  ne,  about  1660«  had  been  wcfltked 
nine  hundred  aad  fifty  years.  W was  nine  or  ten  English  miles  in 
length,  having  one  horizontal  passage  or  galleiy»  eight  hnadied 
fathoms  in  length,  called  the  Erbstall.  Its  depth  was  above  one  hni^ 
dred  and  seventy  fathoms.  L<^i|p  were  not  used  to  descend 
into  the  mine,  but  persons  wereJK  down  by  a  cable,  to  which 
was  affixed  a  seat  of  leather,  atTorcnng  a  safe  and  convenient  car- 
riage even  to  those  who  were  not  used  to  it.  There  were  six 
shafts  or  perpendicular  pits  that  might  be  entered  in  this  manner, 
each  having  a  distinct  name  :  (1.)  That  of  Rodolphus.  (2.)  Queen 
Anne.X3.)  Ferdinand.  (4.)  Matthias.  (5.)  WindshafU  (6.)  Leopold. 

M«  went  down,"  says  the  traTeller,  by  the  pit  of  the  em- 
peror Rodolphus,  gently  descending  by  the  tuning  about  of  a 
targe  wheel,  to  which  the  cable  is  fasteiiiBd,  one  hundred  and  eight 
fathoms  deep  into  the  earth ;  and  after  many  hours  being  in  the 
mine,  was  drawn  out  again  by  Leopold's  pit,  straight  up,  above 
one  hundred  and  fifty  fathoms,  u  height  surpassing  that  of  the 
pyramids  by  <^  third  part.  At  liie  bottom  of  which  pit  I  was  not 
discouraged  to  find  myself  so  deep  in  the  earth,  for  considering 
1  was  vet  ahovo  three  thousand  miles  from  the  cenfre,|  I  thought 
myseli  but  in  a  well.  It  is  built  on  all  sides  with  fir-trees,  one  lying 
upon  another,  (like  tranyerse  logs,)  on  the  four  sides,  from  the 
top  to  the  bottom.  The  minora  work  towarda  one,  two,  ai  three 
of  the  clock,  as  they  speak*;  for  they  direct  themselves  under 
ground  by  a  compass,  not  of  thirty*two  points  (such  as  is  used 

In  what  two  wayu  is  heat  applied  to  split  the  rocks  of  mines  ? 

How  is  light  obtained  in  underjgrroimd  operations  ? 

What  acooont  is  given  by  Dr.  Browne  of  the  Uongarian  gold  nanest 


*  Soo  Scientilic  Class  V.ijok,  pt.  i.  p.  32(3  j  also,  Treatise  on  Chem.  No.  282. 
t  iH'earer  ibur  llioubaiid  iiulcs.    bee  Scientific  Class  lkx>k,  pt.  i.  p.  451.  * 
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^  at  Ma,)  bat  by  one  of  twenty-four,  Which  they  difide  as  we  do  the 
hooTS  of  the  day,  into  twice  twelve."* 

52.  The  silver  mines  of  Potosi,  in  Pern,  which  are  among  the 
richest  hitherto  known,  were  discovered  in  1545.    For  the  more 
convenient  working  ot  the  mines,  the  Spaniards  dug  galleries, 
which  they  call  socabonos,  from  the  foot  of  the  mountain  of 
Potosi,  towards  the  west,  passing  through  horizontally  to  the  mine, 
each  gallery  being  eight  feet  broad  and  a  fathom  deep,  and  closed 
with  gates  that  might  be  locked,  through  which  the  silver  is 
J     carried  ont»  and  where  the  owner  tS.  the  aocabon  receives  a  flflh 
I     part*   The  soeabon  leading  to  the  rich  vein  was  begun  in 
*      and  finished  in  twenty-nine  years,  extending  two  hundred  and 
I     fifty  rods  in  length.   The  miners  work  by  candlelight,  both  day 
and  night,  by  turns :  those  that  work  in  the  day  sleeping  in  the 
night,  and  those  that  work  in  the  night  sleeping  in  the  day. 

63.  The  ore,  which  is  as  hard  as  a  stone,  is  cut  out  with  pick- 
axes, beaten  in  pieces  with  an  iron  crow,  and  carried  by  the  miners, 
upon  their  backs,  up  ladders  made  of  leather.  Each  ladder  has 
three  leathern  ropes,  about  the  thickness  of  a  cable,  stretched  out 
by  itieks,  so  ^at  one  labouier  may  go  up  on  one  side,  while 
another  comes  down  on  the  other.  Bach  ladaer  being  ten  iiitfioms  ' 
in  length,  has  its  respective  floor,  on  which  the  labourers  rest 
during  their  ascent;  the  nnmber  of  the  floors  differing  according 
to  the  depth  of  the  mine.  The  men  carry  the  ore  in  bags  fastenoa 
before  their  breasts,  and  passing  over  their  shoulders  behind  their 
backs;  goin^  up  three  and  three  together,  the  foremost  with  a 
liirhted  candle  tied  to  his  thumb,  so  that  both  hands  are  at  liberty. 
Thus  loaded  they  scramble  up  and  down  one  hundred  and  fifty  fa- 
thoms; exposed,  besides  other  perils,  to  the  danger  of  destruction 
from  the  falling  in  of  the  mines,  or  of  part  of  the  sides  of  the  ill-con* 
stmcted  pits  or  shafts.  They  snffer  also  from  the  cold  temperatoie 
of  these  snbterranean  passages.  The  stiver  mns  for  the  most  part 
between  two  rocks,  as  in  along  channel ;  one  side  being  as  hard 
as  flint  aud  the  other  much  sonier.f 

54.  This  defective  and  laborious  method  of  workinof  the  mines 
in  South  America,  seems  to  have  been  retained  till  the  foundation 
of  independent  states  in  that  part  of  the  new  world,  on  the  ruins 
of  the  loner  misgoverned  Spanish  colonies.  The  improvements 
which  have  taken  place,  however,  have  been  chiefly,  if  not  entirely, 
owing  to  the  investment  of  British  j^roperty  in  the  mines  of  Peru.- 

*  Wht^j^'mesnt  by  working  towards  "  mt  fiM  or  IftriM  o'etocK^  &c.t 
Hdv^  early  were  the  Peruvian  silver  mines  discoveKedf 

In  what  manner  are  these  mines  appn)ached  ? 
What  is  the  consistency  of  the  ore  of  Fotosi  ? 
In  what  manner  is  it  removed  f 

How  long  vas  the  old  Sooth  Ametiean  system  of  minhig  retained  ? 


*  Sir  Thomas  Pope  Blount's  Natural  History,  pp.  SS9— <831  {  firam  IVa- 

vel's  in  Himq^nria,  &c.,  by  Edw.  Browne,  M.  D. 
t  Sir  T.  F.  iiiuuafs  Natural  History,  pp.  24^244. 
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Fifteen  or  sixteeB  years  since  steam-engines  weie  teot  from  Co-  • 
gland,  which  wore  used  in  working  the  shallow  mines  of  Pasco; 

and  as  Mr.  Phillips  observed,  "It  may  bo  assumed  thattho  supe- 
rior skill  of  the  nrifish  minors,  assisted  by  the  power  of  the  steam- 
engino,  w  here  wood  or  coal  is  found  in  sufficient  abundance  for 
fuel,  will  be  able  to  accomplish  much  more  than  could  be  performed 
by  systems  so  rude,  if  system  ii  could  be  called^  where  no  regu- 
larity existed  in  the  underground  workings/'* 

55*  The  priDcipal  miuinff  districts  in  South,  Britaia«  whence 
metals  are  procured,  are  in  Cumberland,  Lancashire,  Derbyshire, 
North  Wales,  and  Cornwall.  Those  parts  of  the  north  of  England^  ■ 
in  which  lead  is  chiefly  found,  are  more  mountainous  than  the  : 
metalliferous  tracts  in  Cornwall,  and  the  mines  in  general  are  in  t 
elevated  situations;  and  not  being  very  deep,  the  water  may  be 
-readily  discharrrcd  by  cutting  a  passajre  or  adit,  through  which  it 
may  llow  into  the  valleys,  and  thence  to  the  sea.    Hence  steam- 
entrines  are  but  little  needed,  and  a  very  crreat  expense  is  saved. 
But  in  the  miiiinor  districts  of  Cornwall  steam-engines,  and  some 
of  enormous  power,  are  constantly  used ;  the  water-wheels  beioff 
comparatively  few.  The  mining^  tracts  are  .but  little  eleTaflMlt 
«eldom  exceeding  500  feet  above  the  level  of  the  sea ;  and  the 
streams  of  water  are  bnt  inconsiderable  in  point  of  dimensions  or 
power. 

56.  In  Cornwall,  it  has  been  observed,  that  the  difficulty  is 
not  where  to  find  a  vein,  but  whore  to  find  a  good  one.  A  «^ood 
neifrhbourhood ;  a  fine  ^o*sfln  (a loose,  friable,  ochreous  substance, 
principally  siliceous)  in  the  upper  part  of  the  vein  or  lode;  plenty 
of  black  Jack,  (blende,)  for  "black  Jack"  says  the  miner, 
"rides  a  proud  horse:''  and  if  at  some  depth,  on  cutting  the  lode, 
the  mine  is  inundated  with  water,  these  are  symptoms  of  encou- 
ragement for  the  miner,  even  if  little  or  no  copper  ore  should 
appear  near  the  surface.  Having  selected  the  vein  he  means  to 
woric,  and  secured  the  right  of  working  it,  by  obtuning  a  lease  of 
the  mine  for  a  term  of  years,  it  is  necessary  to  determine  what 
art  of  the  vein  to  begin  upon,  which,  however,  is  often  decided 
y  convenience,  or  the  facility  of  brintring  up  to  it  an  adit  from 
the  lowest  ground  within  the  settled  limits.  The  next  object  is 
to  sink  a  shaft,  the  underlie  of  the  lode  being  first  determined, 
often  by  sinking  down  a  short  distance  from  the  surface  on  Us 
course.  The  shaft,  however,  is  seldom  continued  in  this  direction, 
but  is  in  general  carried  down  vertically. 

m 

'  m 

To  what  may  we  look  for  improvements  on  that  system  in  the  future 
operations  in  the  mines  of  that  country  ? 

IIow  are  mines  in  the  North  of  Englnnd  freed  from  water? 
Why  may  not  the  snmo  plan  bo  adopted  in  the  Cornish  mines  ? 
What  disad vantage  is  ieli  by  mining  district  near  the  level  of  the  sea? 
What  ezteiior  inoicatioDB  encotuage  the  mmeni  to  hope  ibr  rich  ve&a 
of  oQpperf 

*  Outlines  of  Mineralogy  and  Geology,  4th  edit  p.  196. 
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57.  Thus  if  a  copper  lode  or  vein  runs  east  and  west  through  a 
hill,  the  adit  is  driven  from  near  the  base  of  the  hill  to  the  lode 
underlying-  north,  and  through  it  to  the  shaft,  which  is  perpen- 
dicular. The  place  of  the  shaft  on  the  surface  is  to  be  determin- 
ed by  the  underlie  of  the  lode ;  from  knowing  which  the  miner 
decides  on  sinking  his  shaft,  so  as  to  cut  or  trsYSfse  the  lode  at  a 
Dardcular  depth  beneath  the  sorftioe,  according  to  cireomstances* 
When  the  miner  wishes  to  examine  the  lode  above  the  level  of 
the  adit,  he  forms  a  cross-cut  or  passage  from  the  shaft  to  the 
lode*  and  in  the  same  manner  other  cross-cats  may  be  made  be- 
low the  adit,  running*  parallel  with  it,  and  exlendinn^  to  the  lode. 
In  either  case  he  may  be  incommoded  by  water,  and  conse- 
quently it  will  now  be  necessary  to  erect  machinery  near  the 
mouth  of  the  shaft,  for  the  purpose  of  raising  and  discharging  the 
water;  and  it  will  also  serve  to  raise  the  ore,  as  well  as  any  rub- 
bish which  requires  removal  from  below. 

58.  Thus  the  miner  may  continue  to  explore  the  lode,  to  such 
a  depth  as  he  thinks  proper,  or  as  far  as  he  can  conveniently. 
Should  he  peicbive  indications  of  a  rich  lode,  however,  instead  ot 
making  more  cross-cuts,  he  will  probably  be  induced  to  extend 
his  working  horizontally  in  the  lode  itself,  as  far  as  may  b% 
desirable  in  either  direction,  examining  it  thus  in  several  places, 
and  hollowing  out  as  he  proceeds  those  passages  in  the  mine 
which  he  terms  levels.  As  the  cross-cuts  are  generally  ten 
fathoms  apart,  he  describes  the  place  in  which  his  work  is  pro- 
ceeding, in  raising  ore,  for  instance,  by. saying  that  it  conies 
from  the  ten  or  twenty  fathom  level  going  east  or  west  from  such 
a  shaft,  each  shaft  having  its  own  des^piations  but  only  such 
levels  are  reckoned  as  are  below  the  adit. 

59«  In  sinking  the  shaft,  or  driving  the  cross-cut,  or  ex- 
tending on  the  lode,  the  miner  sometimes  finds  that  he  is 
in  want  of  air;  not  that  the  tire-damp  occurs,  as  in  some  coal- 
mines, causing  so  many  fatal  accidents;  but  that  the  vital 
part  of  it  is  so  nearly  consumed,  that  the  very  candle  burns 
dimly ;  and  this  would  be  a  sufficient  indication  to  the  miner,  even 
if  his  own  breathino-  were  not  affected  by  it.  This  want  of  air, 
however,  is  rarely  felt  wheii  there  are  in  the  mine  several  shafts 
connected  by  underground  workings ;  and  when  it  does  happen,  a 
supply  of  atmospheric  air  is  obtain^  by  means  of  a  pipe  or  trunk  of 
wood  or  metal,  extending  from  about  six  feet  above  of  the  surface 
to  the  lowest  part  of  the  workines,  or  to  snch  a  place  as  may  be 
most  convenient,  and  having  on  the  top  a  wooden  box  turned  to 
the  wind;  and  there  is  a  more  efTectaal  mode,  which  consists  in 
placing"  on  the  top  of  a  pipe,  the  upper  part  of  which  is  of  iron,  a 
small  stove  or  grate,  containing  coal,  inclosed  in  such  a  manner 
that  the  fire  can  only  be  supported  by  drawing  its  supplies  of  air 

How  {•  the  inclination  or  underlie  of  a  metallie  vein  determined  f 

How  are  nJits  dn^  with  roferenco  to  the  underlie  of  the  lodef 
What  is  meant  by  "  leveW  in  tho  working  of  a  mme  ? 
By  what  devices  is  the  want  of  fresh  air  supplied  ?    What,  hesidea  tho 
diflwmlty  of  breathing,  apprizes  the  mbier  that  the  air  is  becoming  impure  f 
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from  the  bottom  of  the  working;  and  thus  the  foal  air  passes  ap 
the  pipe,  and  a  constant  carrent  is  kept  up ;  the  candte  then  re*  ^ 
•nines  its  splendour,  which,  however,  is  bnt  feeble  at  the  best, 
and  the  miner  bieathes  more  freely  . 

60.  If  the  quantity  of  water  which  enters  the  mine  be  so  great  * 
that  it  cannot  be  discharged  fast  enough  by  a  horse-wheel  and 
buckets,  and  circumstances  do  not  admit  of  the  erection  of  water- 
wheel  sufficiently  powerful,  the  only  resort  is  a  stt-am-eiitrine. 

Two  large  steam-engines  are  not  uncommonly  employed  in  one 
mine;  and  there  are  many  instances  in  which  one  engine,  with 
its  apparatus  and  pumps,  together  with  the  expense  of  sinking  a 
large  shaft  on  which  to  place  it,  have  cost  more  than  forty-live 
thousaad  dollars.  The  miner  does  not  calculate  the  power  of  hi» 
enffine  with  reference  to  horse-power,  but  by  the  diameter  of  the 
cylinder.  The  cylinders  df  IImb  largest  en^nes  in  Cornwall  are  * 
91  inches  in  diameter*  There  are  two  of  90  inches  on  **  the  Con- 
solidated mines.  ^ 

61.  As  an  extreme  instance  of  the  prevalence  of  water  in  some 
mines,  it  may  be  mentioned,  that  from  one  in  the  western  part  of 
Cornwall,  not  many  years  ago,  after  a  long  series  of  very  wet 
>veather,  the  engines  were  computed  to  draw  off  1600  gallons 
every  minute,  day  and  night,  during  six  weeks.  The  steam-engine 
or  engines  are  commonly  placed  on  the  largest  and  the  deepest 
shafts  in  the  mine.  An  ordinary  shaft,  or  one  which  is  only  to 
contain  the  ladder,  (for  the  miner  always  descends  by  the  ladder, 
neyer  by  the  rope,  as  in  c»il-mines,)  is  only  just  large  enough  for 
that  single  purpose;  but  the  engine  shaft,  as  it  is  termed,  is  ge* 
nerally  large  enough  to  admit  of  two  divisions,  one  for  the  pumps, 
and  another  for  the  bucket  or  kibble^  and  sometimes  a  third  division 
as  a  footway  or  ladder ;  and  the  bottom  of  this  shaft  is  generally  the 
deepest  pan  of  the  mine,  and  is  termed  by  the  miner  the  sump. 
In  the  bottom  of  it,  to  which  the  pumps  extend  from  the  summit, 
the  waters  of  the  mine  collect  by  means  of  the  underground  w  ork-  • 
ings  connected  with  it,  and  the  incessant  drainage  into  it  from 
the  country  or  rock,  in  which  the  mine  is  situated.  But  besides 
being  employed  in  discharging  the  water  of  a  mine,  the  steam* 
engine  is  sometimes  used  for  the  raising  of  ores,  which  it  does  ^ 

.  Wiffa  a  rapidity  far  greater  than  can  be  attained  by  any  other 
means;  sometimes,  however,  very  small  engines,  termed  steam-^  « 
whims,  arc  erected  for  this  purpose  alone,  in  anch  mines  as  are 
very  rich.* 

To  what  are  miners  compelled  to  resort  in  cases  where  great  quanuiies 
of  w  nter  enter  the  mine  f 
Wh  at  remarkable  instance  of  interference  ficm  water  hi  mines  has  been* 

ex|)Ci"ipnced  ? 

In  what  situations  are  the  engines  for  diecharging  water  commonly 
idacedf 

What  is  meant  by  the  msy  of  •  mine  f 

What  by  the  kibble  ? 

Whai  name  is  gum  to  the  engines  which  raise  only  ore  from  a  mine  ?  • 
♦  See  Philips's  Outiinesb  p.  198,  d^.  ' 
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62.  Dolcoalh  mine,  situated  at  the  northern  foot  of  Carnbrae, 
a  granite  hill,  contiguous  to  Redruth  on  the  west,  is  one  of  the 
deepest,  if  not  the  deepest  in  Cornwall,  being  about  250  fathoms 
from  the  surface  to  the  sump.  This  mine  has  been  working 
above  fifty  years,  and  is  still  rich,  and  its  underground  workings 
are  very  extensive.  The  copper  mine  of  Ecton,  in  Staffordshire, 
is  now  worked  at  the  depth  of  472  yards,  being  the  deepest  in 
England.  The  deepest  mine  in  Europe,  or  in  the  world,  is  said 
to  be  that  of  Trultenberg,  in  Bohemia,  which  is  worked  1000 
yards  below  the  surface. 


G3.  The  preceding  section  of  an  extensive  mine  will  serve  to 
give  the  reader  some  notion  of  the  fojms  and  directions  of  the 

What  are  the  doprhs  of  some  of  iho  deepest  mines  in  Europe  ? 
Draw  and  explain  the  section  of  a  mine. 
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shafts,  galleries,  or  cross-cuts,  and  olfa«r  works  requisite  for  the 
eitMction  of  the  ores  of  metsle  ftom  the  bowels  of  the  earth. 

A.  Principal  shaft,  for  raisfaig  water  and  ores :  Ibis  pit  eoiiiiiiii« 
nicates  aboTe  with  a  horse-wheel,  and  lower  down  witti  the  adil 
F»  and  in^Mrior  gnllerica  or  oroesHsats. 

B.  Water>wheel  to  work  pamps  or  other  machineiy  ia  the  adit 
or  pallery  F. 

C.  Largre  air-shaft,  communicatincr  with  the  lowest  irallerjr* 

D.  D.  Shafts  of  romnmnication  between  the  gaJleries. 

E.  E,  E,  E.  Galleries  nt  different  depths,  in  the  line  of  the 
vein  or  lo(1t\  for  the  extrac.titjn  of  ores  or  water. 

F.  Principal  gallery,  or  adit,  for  the  discharge  of  water  raised 
into  it  by  pumps,  or  descending  from  works  in  the  higher  part  of 
the  mountain  in  which  the  mine  is  situated. 

G.  Horizontal  wheel,  (worked  by  horses,)  round  barrels  fixed 
to  the  axis  of  which  pass  ropes,  extending  orer  pulleys,  and  de- 
scending into  the  shaft  A. 

TI.  Large  shaft  traversing  the  lode,  extending  from  the  surface 
to  the  bottom  of  the  mine,  and  servinpr  for  the  descent  of  miners, 
and  as  an  air-shaft.  Stages  or  floors  arc  placed  in  it  at  short  dis- 
tances, to  lessen  the  danper  of  accidents. 

G4.  Such  are  the  usual  arranpfements  adopted  for  the  works  of 
mines,  in  niost  situations,  and  under  favourable  circumstances. 
In  particular  cases,  however,  additional  constructions  are  required 
for  the  prosecution  of  such  undertakings.  The  galleriee  of  some 
mines  are  extended  under  the  bed  of  the  sea,  when  of  course 
espedal  attention  must  be  paid  to  the  support  of  the  roof  of  the 
mine. 

65.  'Perhaps  the  most  remarkable  work  of  this  description  was 

a  mine  opened  more  than  a  century  n^o,  in  the  miils^t  of  the  sea, 
nea  the  port  of  Penzance.  At  low  water  in  this  place  a  gravelly 
bottom  was  left  bare,  in  which  appeared  a  multitude  of  small 
veins  of  tin  ore,  crossimr  each  other  in  every  direction.  The  sub- 
jacent strata  also  contained  this  mineral  in  considerable  quanti- 
ties ;  and  works  were  carried  on  in  the  rock  whenever  the  sea, 
the  time,  and  the  season  would  permit,  until  the  depth  became 
too  great.  * 

66.  T&e  place  where  this  submarine  tin  ore  was  found  was 
about  two  handred  yards  £r6m  the  shore ;  and  the  ba  n  k  of  the  sea  here 
being  very  steep  and  high,  the  distance  is  considerable,  even  at 
low  water ;  ancf  at  high  tide  the  rock  is  covered  by  three  fathoms 
of  water.  As  the  bottom  is  gravelly  full  of  rock?;,  the  waves 
become  much  agitated,  and  rise  to  a  great  height  when  the  wii^d 
blows  from  particular  points.  This  inconvenience  takes  place 
throughout  the  winter,  and  had  always  led  to  the  failure  of  differ- 
ent attempts  which  had  been  made  before  to  drain  the  mine  and 

What  peculiar  precautions  are  required  in  subninrino  miuing  ? 

What  iitstance  of  ihig  is  particulany  worthy  of  notice  ? 

What  depth  of  water  was  Bometimcs  found  over  the  Pensaace  ninet 


WHEAL  FERRY.  207 

utmiiA  ore.  At  low  wmt«ff^<«iark,  fto  xoek  appem'^a  litilefboTe 
ihe  Bui^o  of  the  sea;  bat  during  some  months  of  the  year  it  is 
never  uncovered. 

'67.  Against  all  these  difficultiei  a  •single  individual,  whose 

property  was  not  worth  three  crowns,  and  who  undertook  the 
work  anew,  had  to  contend.  This  courag-eous  miner  employed 
three  summers  in  sinking  a  pit,  during  which  time  he  could  only 
work  two  iiours  a  day,  and  every  time  he  went  to  work  he  found 
his  excavation  full  of  water,  which  he  was  obliged  to  empty  out 
before  he  could  recommence  working ;  and  this  occasioned  great 
diffieolties  jrhen  he  set  aboat  blasting^  die  wik*  He  therefore 
built  roand  the  mouth  of  the  pit  a  turret  of  wood  impoTFious  to 
water,  or  a  sort  of  eoffer-dam,  and  by  this  means  was  able  to  pm^ 
long  the  time  of  working  on  the  rock.  And  by  raising  the  turret 
above  the  greatest  height  to  which  the  sea  eould  feach,  he  endea* 
▼oured  to  keep  out  the  water  entirely. 

68.  But  here  he  had  new  difficulties  to  encounter:  first  to 
make  the  turret  water-tight;  and  secondly,  to  secure  it  in  such  a 
manner  that  neither  the  flux  nor  reflux  of  the  sea,  or  the  shocks  of 
the  waves,  should  overturn  it.  The  rock  was,  fortunately,  of  por- 
phyry ;  not  too  hard  to  ent,  but  still  very  firm.  He  shaped  the 
portions  he  separated  from  it,  ^nd  disposed  them  in  a  regular 
manner  at  the  foot  of  the  turret,  and  closed  and  caulked  with 
oakam  and  fiit  eement  all  the  interstices  between  the  wood  and 
tha#tone,  so  that  the  whole  was  united  into  one  mass.  The  pit, 
like  all  those  in  Cornwall,  was  lined  with  planks,  all  the  joints 
being  well  caulked  or  pitched.  When  this  frame-work  was  thus 
constructed,  he  supported  it  with  iron  braces.  About  the  mouth 
of  the  pit  he  raised,  upon  four  great  piles,  a  platform  of  planks,  to 
support  the  windlass,  which  was  worked  b}'^  four  men.  When 
with  great  labour  and  difficulty  the  pit  and  tower  were  finished, 
vhe  then  reaped  the  fruita  orhis  industry,  and  establishing  a  re- 

Sttlar  work  at  Stock  work,  he  drew  from  it  hi  a  little  Ume  a  oomd- 
erablequantity  of  tin,  and  put  his  adirentore  on  a  good  footing. 
;  69«  There  were  times,  however,  when  his  undertaking  was  nbt 
in  so  good  estate.  To  save  expense  and  diminish  his  labours,  he  at-  «, 
tacked  the  part  of  the  mine  overhead,  by  which  means,  at  high 
water,  the  sea  penetrated  through  the  chinks  of  the  rock,  so  that 
he  was  obliged  to  sustain  the  roof,  which  was  pretty  extensive, 
in  some  parts  by  planks  and  thick  props,  to  prevent  the  great  mass 
of  water  which  pressed  on  it  above  from  driving  it  in.  Besides 
this,  notwithstanding  all  his  endeavours,  it  was  not  possible  to 
Jkeep  his  wood-i|ork  water-tight  in  the  winter,  and  when  the  sea 
was  foa|^,  he  emtfti  not  transport  the  ore  ashot;^  in  his  boat  in 

mat  exped&dft  enabled  ths  nkieer  to  olifiasa  the  diAoaliiy  iriri^ifeoBL 

4ho  water  ? 

''  What  Uevico  enabled  him  to  raise  the  mineral  from  his  submarine 
piif 

What  difficulty  ariiea  &0B| the  hydiestitfc  piaaafts  in  eioaTslbni  un- 

.4erth§ocewir    H      v  W  '  "  ^ 
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the  autumn  of  1790,  the  chamber  eacavated  io  the  indde  of  the 
rock  had  the  foUowhig  dimensions : 

Greatest  depth    -      -      -      •  -   36  feet. 

Depth  to  the  level  of  the  passag-e  -       26  feet. 

Greatest  diameter  of  the  chamber  -    18  feet. 

Least  diameter      •      .      •  •        3  feet. 

70.  Four  men  in  two  hours  emptied  the  pit  of  water  by  the 
^windlass,  at  tiie  rate  of  four  tons  io  a  minute,  towards  the  end  of 

whieh  time,  six  men  drore  it  from  tibe  bott(»n  of  the  pit,  and 
poured  it  into  the  passage.  After  drawing  out  the  water,  they 
worked  six  hours  on  the  rock.  From  one  tide  to  another,  they 
raised  ab^mt  tliirty  sacks  of  oro,  each  sack  containing  foorteen 
gallons,  fifteen-sixteenths  of  which  were  so  rich,  that  they  pro- 
duced one-sixth  of  a  hundredweitrht  of  tin,  and  one-sixteenth  of  a 
hnn<irf'dweit(ht  was  ]>rocurcd  from  the  remainder  :  so  that  in  six 
months  they  raisnl  to  ihe  vahie  of  GOO/,  sterlinor  of  tin.  As  most 
of  the  ore  was  interspersed  in  a  hard  rock,  dilficult  to  pound,  the 
undertaker  had  it  roasted  in  a  common  lime-kiln,  which  answeied 
perfectly  well.  There  had  been  nothing  of  the  kind  done  in  Corn- 
wall hefore.  This  singular  wotk  was  known  by  the  name  of 
Wheal  Ferry ;  the  perseyering  individual  who  planned  and  exe- 
cuted it,  died  at  the  age  of  seventy  years,  in  the  winter  of  1791| 
the  mine  having  in  the  preceding  year  yielded  ore  worth  3000/. 

T%e  works  thus  ingeniously  eonstructed,  were  subsequently  de- 
stroyed by  accident,  and  the  mine  was  ruined.* 

71.  In  and  on  every  extensive  mine,  from  one  thousand  to  fif- 
teen hundred  men,  women,  and  children  are  employed.  The  men 
and  the  elder  boys  alone  descend  the  mines  and  work  under- 
ground ;  tlie  women  hreak  in  pieces  thy  ore  with  hammers,  and  the 
children  pick  and  sort  it.  The  best  ores  are  at  once  broken  small 
by  the  double-handed  hammer,*and  put  to  piU ,  being  in  that  state 
merchantable ;  the  inferior  ores  are  broken  by  single-handed  ham- 
mers, and  sorted,  the  poorest  are  committed  to  the  stamps,  which 

.are  piles  or  heavy  beams  of  \^  o  >d,  shod  with  iron,  and  tilted,  or 
raised  and  let  down  alternately,  by  means  of  an  axle  turned  by  a 
water-wheel ;  and  thus  the  ore  is  bruised  so  fine,  that  the  whole 
mass  has,  after  being  washed,  the  appearance  of  slime,  and  in  this 
condition  it  is  sold.f 

How  extensively  was  .the  Penzance  mine  excavated? 
What  waa  the  lutimate  snccesB  of  the  Whoal  Ferry  7 
What  number  of  pereons  are  oommonly  employed  in  ComwaU  about  a 

aingle  mine  ? 

flow  are  the  several  classes  of  persons  respectively  engaged  ? 
Describe  the  several  modei  of  levigating  the  orea  of  copper. 


*  Dr.  Lard  tier's  Treatiae  on  the  Progressive  Improveraoit  and  PietSBt 
Stnfo  of  the  Minniiiu  tnn's  in  Metala.  voL  iii.  pp.  16»^7« 
t  Pluilipe's  OuUmcs.  pp,  207.  808. 
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78.  The  copper  ores  of  Cornwall  are  not  smelted  in  the  county, 
in  which  coal  is  not  found,  but  are  shipped,  generally  at  the  port 
nearest  to  the  mine,  for  Swansea,  in  the  vicinity  oi"  which  the 
principal  smelting  companies  have  their  establishments.  Formerly 
there  were  one  or  two  companies  which  smelted  in  Cornwall,  but 
it  seems  to  be  found  by  experience  to  be  less  expensive  to  carry 
the  ore  to  the  coal,  than  to  bring  the  coal  to  the  ore.  The  ore  is 
taken  on  the  baeks  of  mleB  Wthe  port,  or  in  eart8«  or  in  one  or 
two  instances  \a  a  nulroad ;  andf  in  retnrn,  eoal  is  brongfht  to  tlie 
mine)  shipped  uom  Wales^  in  ressels  which  take  back  eopper  ore. 

73.  The  art  of  assaying  minerals,  for  the  purpose  of  ascertain- 
ing their  composition,  and  especially  the  nature  and  proportions 
of  their  metallic  products,  is  termed  docimasy,  or  docimastics.  It 
differs  from  metallurgy  in  its  strictest  acceptation,  in  that  the 

>  reouiute  operations  of  docimasy  are  performed  on  a  small  scalOf 
ana  without  any  attention  to  those  economical  considerations  which 
are  of  so  mcroh  importance  in  the  processes  of  the  metallurgist. 

74.  The  great  object  of  assaying  a  mineral,  is  to  form  an  ac» 
curate  estimate  of  its  component  parts  and  their  relative  propor- 
tions, and  thus  to  discover  whether  it  is  rich  enougrh  in  metdl  to 
pay  the  expenses  of  working  a  mine,  and  reduciiifr  the  ore  to  the 
metallic  state.  These  preparatory  operations  arc  peculiarly  re- 
quisite, with  regard  to  minerals  or  mineral  products  containing 
the  precious  metals,  because  a  know  ledge  of  the  exact  quantity  of 
metal  in  any  substance,  especially  if  the  quantity  be  comparatively 
small,  mast  be  obtained  before  it  can  be  possible  to  decide  whether 
it  will  be  worth  white  to  undertake  its  extraction. 

75.  There  are  three  modes  of  conducting  docimastic  operations  : 
(I.)  The  mechanical  assay;  (S.)  The  assay  by  the  dry  me^od ; 
(3.)  The  wet  assay. 

Mechanical  Assays, 

76.  Processes  of  this  nature  merely  consist  in  the  separation  of 
substances  mechanically  mixed  in  metallic  ores,  and  are  executed 
by  sifting,  washing,  and  thus  removing  the  soluble  and  lighter 
portions  of  the  substance  to  be  examined,  so  that  the  metallic 
particles  may  be  obtained  in  a  separate  state.  To  make  an  assay 
oy  the  mechanical  method,  the  ore  having  been  pulverized,  a  cer- 
tain quantity  of  it,  by  weight,  is  to  be  put  in  a  sie?e  with  a  Hide 
water,  and  then,  by  agitation,  the  lighter  matteis  may  be  separated 

*  from  the  metallic  particles,  in  consequence  of  their  superior  speelfic 

In  .wfwt  manner  do  the  Cornish  miners  dispose  of  their  ore  when  ex- 
tneted? 

Plow  does  docimasy  dififor  ftaaijnetallO]|fy  ? 
What  is  the  great  purpose  of  assaying  mmprals  ? 
In  how.  many  different  modes  are  assays  conducted  t 
Bow  a»  mechaakal  aasays  perfonneif 
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gmyitf.   ThuB  a  moist  mass,  or  schlich^  more  or  less  pure,  will 

be  obtained,  from  wbich  a  judorment  may  be  formed  of  the  quality 
of  the  ore,  and  from  this  mass  tho  whole  of  the  metnl  may  be  ex- 
tracted by  assaying  it,  either  in  the  dry  or  in  the  wet  method. 

77.  WashiiifT  is  practised  as  a  method  of  assaying  auriferous 
and  btanniferuus  sands,  or  with  regard  to  schlichs,  which  have 
been  already  washed,  to  ascertain  the  degree  of  parity  to  wbich 
they  have  boon  ledwied.  This  iiMde  of  assay  may  be  also  adTaii- 
tageotfsly  employed  to  separate  the  oxide  of  tin,  aiui  the  sulphnxeta 
of  lead  and  antimooy,  ftom  the  ^angues  or  stony  mailer  in  which 
these  ores  are  freqaently  disseminated.  The  same  kind  of  assay 
may  be  properly  used  to  discover  whether  scoriae,  or  other  products 
of  the  furnace,  retain  enoui^h  metallic  matter  to  make  it  worth 
while  to  treat  them  on  a  large  scale  by  stamping  and  washing,* 

Assays  by  the  Dry  Method* 

78*  The  dfT  mode  of  assay  has  for  its  object  the  discoTeiy  of 
the  nature  and  qnantity  of  the  metals  contained  in  any  ore  ;  but  to 

prevent  needless  experiments,  it  is  desirable  to  he  able  to  decide 
beforehand  what  metal  may  be  supposed  to  exist  in  a  fragment 
of  ail  ore  about  to  he  submitted  to  examin;ili ni.  To  obtain  this 
]>revious  information,  attrntioii  should  be  paid  to  mineralogical 
characters,  which  will  oltf  ii  alford  positive  indications  of  the 
natare  of  the  mineral ;  but  when  there  is  any  room  for  doubt,  it 
becomes  necessary  to  vary  the.  mode  of  inquiry,  and  submit  the 
substance  to  a  twofold  operation.  Thus  the  mineral  fra^ent  to 
be  assayed  is  to  he  divided  into  two  portions,  one  of  which  may 
be  analyzed  with  a  view  to  discover  the  precise  nature  of  the  metal, 
and  the  other  to  determine  its  proportion  relatively  to  the  other 
substances  with  which  it  is  mixed. 

79.  Assays  by  the  dry  method  require  great  skill  in  the  operator, 
and  but  an  inconsiderable  apparatus.  rh(  y  may  be  performed 
generally  in  workshops,  and  they  b«  come  peculiarly  necessary  in 
those  where  ores  are  purchased  from  different  localities  ;  because, 
when  the  quantity  of  metal  they  afford  can  be  ascertained,  it  be- 
comes easy  to  fix  the  price  that  must  be  given  for  the  ores.  These 
assays  are  performed  by  submitting  the  mineral  body  to  tiie  ai^n 
of  fire,  either  by  means  of  cupels,  retorts,  matrasses,  crucibles,  or 
by  the  blowpipe.  It  is  frequently  requisite  in  these  operations  to 
add  a  flux,  or  some  other  substance  which  may  facilitate  the  de* 
composition  of  the  ore. 

What  is  meant  b^  the  term  Bckliek  in  mechanical  assaying  ? 

Under  wliat  dimrent  cireumatancet  may  the  method  of  washing  be 

adopted  ? 

What  18  the  object  of  assaying  by  the  dry  method  ? 
Wbftt  two  purpoBOB  are  to  be  answered  by  this  method  ? 
WImi  are  toe  requisites  for  prosecotii^  this  mode  of  assayingt 
In  what  way  are  its  processes  executed  ? 

*  M^luigio  Protiijuo,  pp.  33,  34. 
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80*  The  blowpipe  is  paonliarly  usefhl  In  eondvGtfng  assays,  fai 
oonse^vence  of  its  ready  application,  without  loss  of  time  or 
trouble,  as*it  affords  a  simple  and  convenient  method  of  heating  to 

a  hiirh  dejT-ree,  very  quickly,  any  substance  sufHciontly  small  to 
be  involved  in  the  flame  uxcited  by  this  instrument.  'I'here  are  a 
variety  of  forms  of  the  blowpipe,  among  the  moat  convenient  of 
which  are  those  of  Or.  VVollaston,  described  by  Mr.  Brande,* 
and  that  of  the  Swedish  chemist,  Gahn.    This  blowpipe  is  com- 

£oeed  of  fonftnbes:  (1.)  The  principal  tube  or  mouthpiece  of  the 
lowpipe ;  (2.)  A  cylindrical  chaaii>er  to  eoileet  the  water  Ibmied 
from  condensation  of  the  moislare  of  the  biei^ :  (3.)  The  beak, 
at  the  extremity  of  which  is,  ( 1 .)  The  jet-pipe,  through  which  the 
air  escapes.  The  jet  may  be  formed  with  an  opening  more  or  less 
minute,  to  suit  particular  purposes.  This  blowpipe,  when  taken 
to  pieces,  may  bo  titled  into  a  box  or  case,  adapted  to  th«  pocket, 
80  that  it  may  be  ready  for  use  in  any  situation* 

d 


a 


The  accompanying  figure  represents  this  blowpipe,  a  la  the 
main  tube,  to  which  la  sometimes  adapted  an  iyory  mouthpieee,e, 

to  avoid  ihe  contact  of  metal  with  the  lips,  b  is  the  flat  cylin- 
drical box,  from  the  convex  side  of  which  projects  the  short  tube 
o,  to  reoeive  the  end  of  a.  In  one  of  the  Hat  sides  of  the  box  is 
fitted,  with  a  swivel  joint,  the  beak  r,  with  its  jet-pipe  cnpabje 
of  revolvirifr  into  any  position  as  indicated  by  il'.  ^^^p^./ 

81.  In  euiployiui^  this  instrument,  it  must  be  held  in  Indian d 
with. the  la?g6r  end  of  the  tube  introduced  between  the  Ifpsf  then 
the  beak  of  the  jet  being  approached  to  the  flame  of  a  wax  candle, 
or  that  of  a  lamp,  with  a  wick  of  a  proper  size,  on  blowing  through 
the  pipe  the  flame  wfll  be  projected  upon  the  substance  to  be 
assayed.  A  large  wax  candle  will  be  found  to  supply  the  best 
flame,  v4iich,  when  urged  by  the  blast,  exhibits  a  double  figure, 
the  internal  flame  being  conical,  blue,  and  \vt  11  defined,  and  at  its 
apex  the  most  intense  heat  is  excited ;  the  oxtornal  fhime,  encom- 
passing the  other,  is  red,  vague,  and  undetermined,  and  much 
inferior  in  temperature. 

82.  Some  attention  is  necessary  to  acquire  the  habit  of  properly 

using  the  blowpipe,  so  as  to  throw  the  lianie  regularly  and  unin- 
*  .  • 

What  ciroumstanrrs  render  the  blowpipe  peculinrlv  serviceable  for  this 
purpose  ?   Of  what  parts  do  the  most  approved  blow  pipes  conristt 
la  what  manner  is  this  mstrumeut  to  be  used  f 


*  See  Webster's  Manuel,  on  the  Basis  of  Brande's. 
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terraptedly  on  the  body  to  be  examined,  and  also  to  continue  the 
blast  during  a  sufficient  time  without  fatigue  and  exhaustion. 
This  object  may  be  attained  by  first  filling  the  mouih  with  air, 
which  is  to  be  driven  through  the  tube  by  the  pressure  of  the 
muscles  of  the  cheeks  alone,  those  of  the  chest  not  at  all  contribut- 
ing to  the  keeping  up  of  the  blast.  To  ftnew  the  air  in  the  month 
it  IS  Beeessary  Ur  respire  only  throogh  the  nostiilsy  which  may  be 
dene  without  diaeonnnuing  the  blast,  and  thns  a  person  may  con- 
tinne  Mewing  a  long  time  without  inconvenience. 

63.  The  substance  to  be  sobmitted  to  the  action  of  the  blow- 
pipe, should  not  be  larger  than  a  peppercorn,  and  it  may  be  placed 
on  the  extremity  of  a  slip  of  plalitia,  or  held  in  a  pair  of  pincers 
of  that  metal,  or  else  laid  in  a  small  cavity  on  the  surface  of  a 
piece  of  charcoal.  In  the  latter  case  tlie  charcoal  should  not  be 
that  of  fir,  or  any  other  wood  which  would  be  liable  to  sparkle  in 
burning,  and  the  cavity  in  which  the  mineral  is  laid  may  be 
covered  with  another  piece  of  charcoal,  only  leaving  an  opening 
for  the  access  of  the  flttne*  In  most  cases,  instead  of  exposing 
the  mineral  merely  to  the  action  of  the  flame  urged  by  the  blow- 
pipe, -die  substance  is  pnlTerized,  and  mixed,  either  with  oil  or 
With  water,  and  some  proper  flux ;  and  a  small  pellet  thus  being 
formed,  is  to  be  subniittod  to  the  flame,  and  it  will  tluis  be  less 
exposed  to  be  driven  oti' when  the  action  of  the  fire  becomes  violent. 

84.  When  a  mineral  substance  is  heatefl  at  the  extremity  of  the 
flame,  on  platina  or  charcoal,  uncovered  and  exposed  to  the  air,  it 
may  become  oxidated;  but  when,  on  the  contrary,  it  is  heated 
without  the  contact  ot"  air,  which  may  be  done  by  covering  it  with 
charcoal,  or  projecting  ihe  flame  so  that  it  may  environ  me  body 
on  all  sides,  it  will  become  disoxidated,  either  entirely  or  in  part, 
if  it  contained  oxygen.  The  results  in  either  cases  will  conse- 
qa%^^)e  very  diflerent,  for  the  first  is  termed  the  fire  of  oxida- 
tion nMt||e  second  the  fire  of  reduction. 

85.  VVh^n  it  is  requisite  to  oxidate  a  metallic  substance,  com- 
bined with  any  flux,  it  must  be  heated  intensely,  and  when  fused, 
gradually  withdrawn  from  the  point  of  the  blue  flame,  nnd  the 
operation  repeated  as  often  as  may  be  necessar3%  using  a  jet  of 
lartre  aperture.  The  oxidation  may  also  be  accelerated  by  the 
addition  of  a  small  quantity  of  nitrate  of  potash.  In  order  to 
reduce  the  metallic  oxides,  the  gUss  bead  formed  by  the  sub- 
stance to  be  examined,  and  the  flux,  must  be  kept  in  fusion  on 
charcoal  as  long  as  it  remains  without  being  absorbed,  that  the 
metallic  particles  may  collect  into  a  globule  on  the  surface  of  the 
charcoal.   It  is  then  to  be  fused  with  a  small  quantity  of  subcar- 

How  is  respiration  to  be  carried  on  while  we  use  the  blowpipe  ? 

How  is  the  substance  assayed  by  ihe  blowpi^io  to  be  held  f 

Whnt  prpviouB  preparatioa  of  a  mineral  Mcilitates  itti  treatment  with 

the  blowpipe  ? 

Whnt  port  of  the  flame  is  called  the  oxidating  Jire  f 

What  part  the  reducing  or  deoxidating  fire? 

In  what  manner  is  a  metal  oxidated  when  combined  with  a  flijx  ? 

How  are  the  metallic  oxides  thus  Ibmed  to  be  fioaUy  reduced  2 
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bonate  oi  mioy  which  will  be  absoibed  by  the  ehitooal,  snd  the 
spot  where  the  absorption  has  taken  place  n&ust  be  strongly 
'ignited,  by  using  a  tube  with  a  small  aperture..  By  continTungr 
the  ignition,  that  portion  of  the  metal  not  before  reduced,  will  be 
brought  to  the  metallic  state,  and  the  process  may  be  quickened 
by  placing  the  globule  on  a  smokj  flame,  so  thai  it  may  become 
covered  with  soot. 

86.  The  beads  which  contain  metals  frequently  exhibit  a  metal- 
lic splendour,  especially  if  exposed  to  a  gentle  flickering  smoky 
flame  after  the  intense  heat  has  ceased.  With  a  moderate  heat 
the  metallie  sorfaee  reinains,  but  after  a  little  practice  it  may  be 
asocftained  withoat  difficulty,  whether  anv  metal  is  contained  in 
tiie  body  under  examination.  It  shonld  be  observed  that  glass 
of  borax  alone  sometimes  assumes,  externally,  a  metallic  lustre. 
When  the  experiment  is  concluded,  and  the  charcoal  become  cold, 
that  part  impregnated  with  the  fused  mass  must  be  cut  out  and 
rubbed  down  with  distilled  water  in  an  agate  mortar,  the  soda 
which  formed  the  flux  will  be  dissolved,  the  charcoal  will  float  on 
the  liquid,  and  may  be  poured  ofl*;  any  of  the  metallic  particles 
remaining  at  the  bottom  may  then  be  examined,  liy  this  mode 
of  assay  most  of  the  metals  may  be  reduced.* 

Jhaays  by  the  Maui  Method* 

87.  When  an  ore  is  examined  by  the  moist  method,  complicated 
processes  sometimes  become  requisite,  for  the  manajTemf^nt  of 
"which  a  considerable  degree  of  skill  in  chemistry  must  be  ac- 
quired; but  this  method  presents  important  advantages  in  practice. 
The  assay  of  ores,  by  the  moist  mode,  consists  principally  in 
exposing  them  to  the  action  of  acids,  alkalies,  or  neutral  salts, 

^nd  when  solutions  hare  thas  been  obtained,  the  metals  may  be 
precipitated  by  proper  additions,  and  a  judgment  of  their  nmre 
formed  from  the  colour  or  other  sensible  properties  of  the  precipi- 
tates. Thus  metallic  solutions  may  be  analyzed  by  the  applica- 
tion of  tests,  but  in  order  to  discover  the  relative  quantities,  as 
well  as  the  qualities  of  a  mineral,  by  the  moist  assay,  the  metals 
must  be  precipitated  from  their  solutions,  and  the  products  edul- 
corated and  weighed. 

88.  Gold  may  be  tested  by  exposing  it  to  the  influence  of  nitric 
acid,  which  acts  upon  almost  all  other  metals,  but  leaves  the  gold 
untouched* 

For  what  purpose  is  subcarbonate  of  soda  employed  indiia  opemtion? 
Of  what  does  nfs^^ayino:  by  the  moist  mothod  consist? 
How  are  the  actual  quantities  of  diflereut  ingredients  in  a  mineral  de- 
teiminedl  • 
How  it  the  prosence  of  gold  ascertained  I . 

♦  For  particular  inforniaiion  relative  to  the  analysis  of  Aljoys  by  Cupel- 
lation,  see  Children's  Essay  on  Chemical  Analysis,  pp.  96—108;  and  Svr 
the  methods  of  making  exact  assays  of  the  more  important  metalsi  fee 
i^tallufgie  Pratique*  pp. 
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Silvm  ore  nmy  be  tMyed     lediaeing  %  mnM  jiwmlifjr  of  il  to 

fine  powder,  digesting  it  in  nitric  acid,  and  mixing  the  filtered 
liquid  with  a  solution  of  common  salt,  (chloride  of  sodium.)  A 
chloride  of  silver  will  then  be  precipitated,  containinor,  when 
dried,  75  per  cent,  of  metal ;  or  the  chloride  may  be  reduced  by 
fusinjr  it  with  three  times  its  weij^ht  of  subcarbonate  of  soda.* 

89.  Iron  ore  is  sometimes  treated  in  the  moist  way,  in  order  to 
disooTer  whether  it  contains  phosphoms,  which  would  destroy  the 
malleebiltty  of  the  inetal.  In  this  ease  the  ore  etipposed  to  eqft* 
tain  phosphorus  mast  be  mixed  widi  one-fourth  or  its  weight  of 
nitrate  of  potash,  and  placed  in  an  earthen  crueible,  which  is  to 
be  strongly  lieated  for  half  an  hour ;  then  the  mixture,  being  with* 
drawn  from  the  crucible,  must  be  lixiviated  with  a^mall  quantity 
of  distilled  water  and  filtered  :  the  liquor  obtained  is  now  to  be 
assayed  by  the  following  process:  After  it  has  been  neutralized 
by  nitric  acid,  a  solution  of  chloride  of  lime  is  to  he  poured  over 
it,  and  the  liquor  will  not  become  clouded  unless  a  siuall  portion 
of  carbonate  of  lime  should  be  formed,  which  must  be  separated 
by  filtration ;  then  a  little  ammonia  must  be  added,  and  if  a  white 
predpitftte  is  formed  ia  eonsequence  of  this  addition,  it  will  be  a 
proof  that  the  ore  eontained  phoephorus,  the  white  preetpitate 
being  phosphate  of  lime. 

90.  The  analysis  of  copper  ore  by  the  moist  method  is  effected 
by  tieatin^  the  roasted  mineral  with  nitric  acid ;  and  by  adding^ 
ammonia  in  excess,  the  oxide  of  copper  will  be  dissolved,  and  the 
other  metallic  oxides  partly  precipitated  ;  then  the  alkaline  solu- 
tion of  the  metal,  after  being  filtered,  is  to  be  saturated  by  an 
acid,  and  the  copper  may  be  precipitated  in  the  metallic  state,  bj 
plates  of  polished  iron. 

91.  The  moist  method  of  assay  may  be  employed  in  analyzing 
'  the  ores  of  lead,  and  the  prodnets  of  the  fonndries.  The  roosted 

ores  mnst  be  dissolred  in  nitric  acid  somewhat  lowered,  and  the 
solution  is  to  be  diluted  with  water,  end  precipitated  by  a  sufil* 
eient  quantity  of  some  soluble  sulphate,  which  forms  with  the 
oxide  of  lead,  sulphate  of  lead.  The  precipitate  being  washed 
and  dried,  always  contains  sixty-eight  per  cent,  of  metal.  In  th^ 

How  may  silver  ore  be  assayed  ? 

For  what  purpose  is  iron  assayed  in  the  moist  way  7 

How  is  the  assay  then  conducted  ? 

What  snbsfntico  is  addod  to  tost  tho  presence  of  the  phosphoric  aeid? 
How  is  the  osnay  of  copper  in  tlie  moist  way  to  be  conducted  { 
How  is  lead  ore  examined  in  the  humid  way  ? 
How  is  the  qoamity  of  lead  which  it  oootained  finally  disoovend  f 


,  *  Report  of  Brando's  T.oft.  on  Minonilojr.  Chemistry,  in  Jour,  of  Scienesw 
vol.  iv.  p.  245.  A  convenient  molhoil  of  |)ro(liicin<^  chloride  of  silver  It 
mentioned  in  Auuales  de  Chimie,  t.  xiv.  p.  Put  the  chloride  into  a 

muill  vessel  of  zinc  or  oasi  iron,  eontaintng  a  little  water;  and  leaving  it 

there  a  short  time,  if  the  vessel  bo  clenn,  the  decomposition  will  soon  take 
place,  otherwise  a  liitle  muriatic  or  sulphuric  acid  may  be  added*  The 
metallic  product  may  be  washed  with  muriatic  acid. 
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mode  of  mvjr  tlie  allrar  whidi  may  be  eontained  in  the  are  wiU 
also  be  precipitated  in  the  state  of  sulphate*  When  it  is  neces* 
eary  to  assay  sulphates  of  lead,  either-alone,  or  mixed  with  other 
substaneesy  -iheimirtatie  must  be  employed  instead  of  the  nitrio 
acid.* 

92.  Solutions  of  the  various  metals  may  be  tested,  and  their 
nature  ascertained  to  a  certain  extent,  by  observintr  the  effects  of 
the  addition  of  certain  bodies  called  reaoreuts,  and  noting  the 
colours  and  other  sensible  properties  of  the  precipitates  thence 

Erodooed.   Thus  tioeture  oif  ntttealls  tame  t{^e  solation  of  Iron 
lack,  and  the  solution  of  lead  wnite,  and  with  other  metallM  so- 
lutions,  yields  green,  yellow,  brown,  or  blue  pTecipitates.f 

MetaUurgic  Frocmu  for  the  deduction  of  Mineralized  Meiab 

93.  The  operations  requisite  for  obtaining  metals  in  a  pure 
state  from  their  several  ores  constitute  the  proper  subject  of  rae- 
tallnigy*  The  methods  adopted  for  the  reduction  of  metals,  must 
necessarily  be  varied  according  to  the  nature  of  the  metal  to  be 
obtained  in  any  given  case,  and  thatot"  the  substances  with  which 
it  may  happen  to  be  blended.  Hence  a  diversity  of  processes  will 
be  required  even  with  regard  to  a  single  metal.  They  may,  how- 
ever all  be  referred  to  three  kinds,  like  those  of  docimasy,  con- 
sisting of  mechanical  operations,  in  the  dry  way,  or  by  means  oriire, 
and  operations  in  the  midst  way,  chiefly  by  employing  mineral 
acids.  But  in  almost  all  processes  for  obtaining  metals  ^om 
their  ores,  the  mechanical  and  chemical  methods  are  more  or  less 
combined  according  to  circumstances. 

94.  Metallurgic  chemistry  includes  the  art  of  forming  com- 
pound metals,  or  alloys,  some  of  which  are  more  serviceable  for 
certain  purposes  than  any  of  the  simple  metals.  Tiiis  branch  of 
knowledge  it  wili  be  percived,  affords  an  extensive  field  for  re- 
search,presenting  to  our  notice  many  suh)eets  extremely  interesting, 
not  only  to  artists  and  men  of  science,  but  espec^ially  to  all  persona 
engaged  in  the  study  of  mineralogy  and  geology.  In  the  few  re- 
maimng  pages  to  be  devoted  to  metallurgy,  nothing  more  can  be 
attempted  Sian  the  introduction  of  some  general  notices  of  the 
processes  employed  in  the  reduction  and  refining  of  the  principal 
metals,  and  in  the  formation  of  the  most  useful  <iiloys;  8u<m  ehiel^ 
being  selected  as  may  tend  to  show  the  connexion  between  the 

How  nro  pu1[»hates  of  lead  and  of  other  materials  tried  ? 
By  wiiat  sensible  properties  are  metallic  ores  ofien  judged  ? 
What  eonstitutes  the  peculiar  provinece  of  metallurgy  f 
Of  how  many  kinds  are  the  processes  employed  in  this  art  ? 
What  does  metaUurgy  include  besides  the  reduction  of  ores } 


*  Metallurgic  Pratique,  pp.  47,  61,  59. 

t  In  Dr.  Henry's  Elements  of  Chemistry,  vol.  ii.,  is  given  a  table  of  pre- 
cipitates thrown  down  fh)m  metallic  solutions  by  the  following  raagents; 
(1.)  Pru5isiated  alknliefi ;  (2.)  Tincture  of  galls  ;  (3.)  Water  impregnated 
with  sulphuretted  hydrogen  i  (4.)  Hydrosulphurets. 
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subject  before  us,  and  the  ^tfier  biaochea  of  scienee  to  which  this 
Tolume  relates. 

Heductton  of  Ores  containing  Gold, 

95.  As  ^old  ia  not  fonnd  mineralized,  or  in  the  state  of  proper 
ore,  but  either  pure,  or  else  combined  with  some  other  metal  to  form 
an  alloy,  the  metalluro^ic  processes  for  reducing  it  are  in  general 
less  complicated  than  in  most  other  cases.  This  metal  is  derived 
from  two  sources,  beinnr  either  mixed  with  sand,  gravel,  and  earthy 
matter,  in  valleys,  ravines,  and  the  beds  of  rivers,  or  occurring 
in  Teins,  and  procured  hy  mining,  like  metals  in  general.  The 
modes  of  treatment  requisite  to  procure  gold  in  a  state  of  purity, 
vary  according  to  the  state  in  which  it  is  found  in  the  situations 
just  mentioned. 

96.  «  Gold  obtained  from  alluvial  soils  in  pellets  or  grains,  may 
be  separated  more  or  less  from  the  substances  by  which  it  is  con- 
taminated by  washing.    This  operation  is  performed  frequently 

on  the  spot  where  it  is  procured.  Thus  the  gold  seekers  some- 
times wash  the  auriferous  sands  in  a  sieve  held  in  the  hand  ;  or 
else  use  inclined  tables,  which  beino-  covered  with  coarse  woollen 
cloth  or  rough  hairy  hides  ol  animals,  the  earth  and  sand  taken 
up  in  small  quantities  is  thrown  on  the  table,  over  which  a  stream  of 
water  being  poured  or  conducted,  the  lighter  substances  are  wash* 
ed  away,  and  the  particles  of  gold  detained  by  their  superior  weight 
on  the  sufface  of  the  cloth  or  skin.  But  this  metfaf>d  has  the 
inconvenience  of  not  separating  the  heavier  portions  of  gravel 
which  become  entangled  among  the  hair  or  wool,  together  with 
the  metal.  The  gold  thus  obtained  may  be  further  purified,  ac- 
cording to  circumstances,  by  amalgamation  with  mercury,  or  by 
cupellation. 

97.  Gold  is  also  found  pure  in  veins,  but  sometimes  in  a  state 
of  minute  division,  and  so  blended  with  other  bodies,  as  to  require 
various  operations  for  its  extraction.  It  is  thus  procured  in 
Hungary,  and  in  this  case  the  whole  contents  of  the  vem  holding 
small  particleSf  or  strings,  or  littfe  nests  of  native  gold,  are 
brought  to  the  surface,  broken  into  small  pieces,  and  carefully 
sorted ;  the  grains,  where  perceptible,  being  detached  from  the 
matrix,  which  is  chiefly  quartz.  The  poorer  parts  are  then 
stamped,  by  means  of  wood  shod  with  iron  at  the  lower  ex- 
treiTiity,  worked  hy^z  water-wheel,  and  thus  the  ore  is  crushed  to 
a  powder  upon  an  iron  plate.  Tliis  powder  is  damped  by  throw- 
ing water  containing  salt  upon  it;  and  a  quantity  of  mercury  be- 
ing put  into  a  bag  uf  porous  leather,  is  forced  through  the  pores, 
and  dropping  on  the  damped  powder  in  a  minutely  divided  state, 
is  kneaded  up  with  it. 

In  what  two  aiUkten  is  gold  found  in  naturo  ? 

By  what  process  is  gold  from  alluvial  soils  separated? 

By  what  melhods  are  the  auriferous  soils  washed  ? 

In  what  rock  do  veins  and  masses  oi'gold  mosi  frequently  occur  ? 
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98.  The  paste  containing  mercury  and  gold  thus  incorporated, 
is  afterwards  heated  in  a  proper  vessel  to  about  the  temperature 
of  boiling  water  for  three  or  four  days ;  the  mixture  is  then  washed 
caiefttUy,  by  small  paieels  at  a  time,  so  that  tlie  earthy  panicles 
are  washed  off,  leaTing  only  the  amalgam  of  mercnry  and  gold. 
Part  of  the  mercury  is  then  separated,  by  pressure,  in  a  leathern 
bag,  and  the  rest  is^driven  off  by  distillation,  leaving  behind  the 
gold,  and  also  any  portion  of  silver  with  which  it  may  be  alloyed. 

99.  When  gold  occurs  in  a  matrix,  consisting  of  iron  pyrites, 
galena,  &c.,  in  which  the  gold  exists  in  invisible  particles,  the 
masses  of  ore  are  broken  by  hand  into  small  pieces,  and  then 
placed  beneath  the  stamps  to  be  reduced  to  powder,  which  is  car- 
ried by  a  stream  of  water  to  a  series  of  pits,  in  which  the  heaviest 
particles  subside,  the  lighter  earthy  matter  being  carried  away  by 
the  current.  Afler  repeated  washings,  the  Qie|wlic  parts,  consist 
ing  principally  of  pyrites  and  galena,  are  roasted  in  a  reverberato4^ 
furnace,  with  a  proportion  of  quicklime,  at  a  red  heat,  but  not  so 
as  to  fuse  the  mass,  until  part  of  the  sulphur  is  driven  of!';  the 
fire  is  then  increased,  and  the  whole  brought  to  a  Stata  of  thin 
fusion,  and  then  let  out  into  a  mould  of  sand. 

100.  During  the  fusion,  the  iron,  on  account  of  its  strong  affinity 
for  sulphur,  resumes  the  portion  of  which  it  had  been  deprived  by 
previous  roasting,  by  decomposing  the  sulphurets  of  lead,  copper, 
&c.,  with  wliich  it  is  mixed,  in  consequence  of  which  these 
metals,  by  specific  gravitjr,  fall  in  drops  through  the  vitreo-ferru- 
ginous  scorie,  carrying  with  them  the  gold  and  silver,  and  units 
at  the  bottom  in  a  dense  metallic  mass.  Hence,  the  pig  that  is 
formed  in  the  mould  of  sand,  is  found  to  consist  of  two  parts 
adhering  to  each  other,  but  easily  separable  by  the  hammer ;  the 
uppermost  and  largest  portion  is  composed  of  cellular  scori®,  be- 
neath which  is  a  black  heavy  compact  mass  containinrr  tho  <rold 
and  silver,  tof^ether  with  lead,  copper,  some  sulphur,  and  iron; 
this  is  now  broken  into  small  pieces,  and  roasted  and  fused  once 
or  twice  more,  until  the  sulphur  and  other  impurities  are  separated| 
leaving  nothing  but  the  gold,  silver,  lead,  and  copper. 

101.  The  separation  of  gold  from  lead  is  effected  by  enpdla* 
tion.  The  cupcA  or  test  is  a  porous,  infusible,  earUiy  amss,  wi^ 
a  hollow  concavity  at  the  top^r  the  reception  ofthe  metals ;  this 
bein^  placed  in  a  furnace,  so  as  not  to  be  in  contact  with  the 
bummg  fuel,  and  a  current  of  air  at  the  same  time  passing  over 
the  surface  of  the  tost,  the  metal  is  brought  almost  to  a  state  of 
ebullition.  At  this  temperature  the  lead  l>eoomes  changed  to  the 
state  of  a  vitreous  oxide,  which,  sinking  into  the  pores  of  the  test, 
leaves  the  gold  behind ;  and  if  the  ore  contained  silver  and  cop- 

^  In  what  way  is  die  amalgamation  of  gold  conducted ! 

How  is  gold  treated  when  combined  with  the  mlphureli  of  iron,  cop- 
per,, or  lead  ? 

How  are  the  lead  and  copper  deprived  of  their  sulphur  ? 
What  aeinfalea  the  gold  and  silver  from  the  liised  nuiM  of  Ihe  ingre- 
dienis  f  How  is  gold  separated  from  lead  f 

T 
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per,  subsequent  processes  will  be  required  to  eflect  their  sepa^ 
ration. 

BedueHon  o/  Ui£  Ores  qf  JSiher, 

103.  Silver  l»  extiaetad  from  its  onfs,- either  by  smeltinff  in  n 
manner  similar  to  that  praetieed  with  regard  to  other  mettus,  or 
by  amalgamation  with  mercury.  The  processes  carried  on  at  the 
extensive  amalgamation  works  of  Frcybero;,  the  capital  of  the 
mining  district  of  Saxony,  and  where  one  chief  advantage  of  this 
mode  over  smeltin*^,  is  the  saving  of  fnel,  are  described  wiih 
scienlihc  minuteness  by  J.  H.  Vivian,  Esq.,  in  the  annals  of 
Philosophy,  vol.  xxvii. ;  and  an  abstract  of  this  descriptive  state- 
ment  may  be  found  in  tba  third  ToHime  of  Dr.  Lardnera  Treatise 
OR  Mannfhetiires  in  Metala. 

ICKI.  Silrer  like  gold  ftequently  req[uires  to  be  subjected  to  the 
^l^ocess  of  cupellation,  to  separate  it  from  oxidizable  metals. 
This  method  of  purifying  silver  is  adopted  in  Persin',  and  the 
following  account  of  it  is  given  by  Ostad  Muhainroed  Ally  and 
was  published  in  Brapde's  Journal  of  Science : 

104.  Persian  metallurgical  process  for  the  purificatiun  of  sil- 
ver,— A  sort  of  basin  is  made,  either  by  excavating  the  ground, 
or  by  arranging  stones  in  a  circle.  This  is  from  nine  to  twelve 
or  fourteen  inches  wide,  and  is  incomplete  at  the  side  in  one  place, 
for  the  reception  (tf  the  fael,  wMeh  by  its  comhnstioD  is  to  meli 
the  metd.  The  fnel  consiets  of  two  luge  and  long  logs  of  wood, 
which  are  placed  with  their  ends  in  the  aperture  on  the  edge  of 
the  basin.  These  ends  are  iighted  by  placing  on  them  burning 
fuel,  and  then  the  blast  from  a  pair  of  bellows  is  directed  so  as 
to  pass  across  the  fire,  and  thus  drive  the  flame  and  heat  into  the 
basin,  acting  as  a  large  blowpipe.  Lead  containing  silver,  or 
impure  silver  with  the  addition  of  lead,  is  then  placed  in  the 
basin,  and  beino-  soon  melted  and  heated  by  the  tlanie,  it  is  pnri- 
iied  as  by  common  cupellation.  The  litharge  (vitrified  oxide  uf 
lead)  is  forced  oiT  to  the  aides  aa  it  is  formed,  and  either  ahaorbed 
or  lost,  and  as  the  wood  bums  away  before  the  blast  of  air,  the 
logs  are  thrnst  onward  nntil  all  is  consumed ;  then  freah  logs  are^ 
supplied,  if  necessary,  or  the  process  stopped^  as  may  be  found 
convenient.  4^ 

105.  *'Thc  singular  fact  has  been  ascertained,  that  silver  in 
fusion  absorbs  oxygen,  which,  on  solidifying,  it  parts  with;  and 
Gay  Lussac  says  that  it  thus  gives  out  twenty-two  times  its  own 
volume,  and  tliat  the  presence  of  a  very  liule  copper  destroys  this 
property."* 

To  what  proeen  is  silver  subjectid  in  order  to  aepamte  it  from  other 
metals  ? 

Describe  th«  Persian  mclhod  of  purifying  silver. 

What  fact  in  regard  to  iho  aiKniiy  of  silver  ibr  oxygen  has  been  ob- 
served t 

*  Donovan's  IVeatiae  on  Chemistoy,  p.  Ml. 
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The  atliaetioB  of  both  silver  and  e<yper,  when  in  fueioii,  for 

oxygen,  was  observed  several  years  since  by  Mr.  S.  Lucas,  of 
Sheffield,  who  stated  the  result  of  his  observations  in  a  letter  to 
Mr.  Dalton,  published  in  the  Manchester  Transactions.  He  found 
that  silver,  m  a  fluid  state,  absorbed  oxyjren,  not  only  from  the 
atmosphere,  but  also  from  other  bodies  which  gave  it  oat  when 
heated,  as  some  of  the  nitrates. 

lOG.  If  silver  in  large  quantities,  after  being  exposed,  when 
m^ted,  to  a  eorrent  of  oxygen  gas,  or  atmosph^  air,  be  allowed 
to  cool  gradually,  the  suriace  first  becolbes  solid,  then  sooa  hi»stB» 
ebullition  ensues,  and  an  elsstie  ilaid  escapes,  driving  before  it  a 
portion  of  the  internal  fluid  metal,  and  causing  protuberances  on 
Its  surface.  Substances  which  have  a  strong  attraction  for  oxy- 
gen, placed  in  contact  with  the  melted  metal,  prevent  the  ebullition 
from  taking  place.  Thus  charcoal,  spread  for  a  few  minutes  on 
the  surface  of  the  silver  in  fusion,  absorbs  the  oxygen  which  it 
may  have  acquired,  and  no  escape  of  gas  or  appearance  of  ebul- 
lition then  occurs,  whether  the  metal  be  cooled  slowly  or  hastily.* 

Redudhncf  Crude  PiaHna. 

107.  Platina  is  never  mineralized,  but  it  is  often  debased  by 
intermixture  with  other  metals ;  and  in  the  state  in  which  it  is 
imported  from  South  America,  the  crude  metal  contains  silica, 
mercury,  gold,  palladiam,  rhodium,  iridium,  osmium,  iron,  cop- 
per, and  lead,  as  well  as  plafina.  This  last  metal  may  he  b^E*^ 
rated  ftom  the  other  bodies  by  the  following  process  lo-llie 
mercuiy  is  to  be  driven  off  by  exposing  the  ore  to  a  considerable 
degree  of  heat,  an  operation  which  renders  tiie  platina  yellower, 
in  consequence  of  the  appearance  of  grains  of  gold.  The  residue 
may  be  digested  in  nitro-muriatic  acid,  diluted  with  its  bulk  of 
water;  this  takes  up  gold,  iron,  and  a  little  platina:  if  the  re- 
maining ore  be  now  digested^n  nitro-muriatic  acid,  by  far  the 
largest  portion  will  be  dissolved,  and  there  will  remain  a  black 
powder;  to  the  nitro-muriatic  solution  add  a  solution  of  muriate 
of  ammonia,  which  will  occasion  (be  precipitation  of  the  greater 
part  of  the  platina  in  the  state  of  a  veiy  dimcultly  soluble  ammo- 
nia-muriate, and  which  may  be  separated  upon  a  filter* 

108.  In  the  filtrated  liquor  immerse  a  plate  of  zinc,  ^^  hirli  will 
throw  down  lead,  rhodium,  palladium,  and  a  portion  of  platina; 
tlie  lead  may  be  separated  by  very  dilute  nitric  acid  :  dissolve  the 
residue  in  nitro-muriatic  acid,  add  common  salt,  and  evaporate  to 

What  occurs  when  a  considerable  mass  of  silver  is  heated  in  contact 
with  oxygen  ? 
What  prevents  the  occurrence  of  wis  pl^|pMinienon  f 
In  what  state  is  platina  found  ? 
By  what  means  is  it  separated  from  mercury  ? 
ilow  is  die  platina  neit  iroaiedf 
How  nay  the  niiro-muriate  of  platina  be  decomposed  ? 

*  Joum.  of  Science,  vol.  iv.  pp.  1G9«  170. 
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diyiMM;  this  residney  composed  of  tbe  soda-nramtes  of  plaUna, 
palladianiy  and  rhodium,  is  to  be  digested  in  alcohol,  which  dis- 
solves the  triple  salts  of  platinaand  palladium,  but  not  that  of  rho- 
diiim,  which  therefore  is  thus  separated :  to  the  alcoholic  solution 
add  solution  of  muriate  of  ammonia,  which  throws  down  the 
platina  and  leaves  the  palladium  in  solution,  which  may  after- 
wards be  precipitated  by  I'erroc^anate  of  potassa.  The  insoluble 
black  powder,  by  alternate  fusions  with  potassa,  and  boiling  in 
muriatic  acid,  may  be  resolved  into  osmium,  soluble  in  the  alkali, 
and  iridium  in  the  acid. 

109.  The  yellow  precipitates  formed  by  the  addition  of  miiTtate 
of  ammonia  to  the  alcoholic  solution  of  the  salts  of  platina  and 
palladium,  consisting  of  ammoniarmuriate  of  platina,  must  then 
be  collected,  edulcorated  with  warm  water,  and  dried.  It  must 
next  be  distributed  into  saucers,  which  are  to  be  introduced  into  a 
small  oven,  and  exposed  for  a  short  time  to  a  low  red  heat,  in  order  to 
drive  off,  b}'  sublimation,  the  greater  part  of  the  muriated  ammonia. 
When  withdrawn  it  will  form  a  spontry  mass  of  a  gray  colour.' 
About  half  an  ounce  of  the  platina  in  this  stale  is  to  be  put  into 
a  strong  iron  mould,  about  2^  inches  long  b^  1^  wide,  and  is  to 
be  compressed  as  forcibly  as  possible  by  stnking  with  a  mallet 
upon  a  wooden  peslle,  cut  so  as  accurately  to  fit  the  mould; 
another  half-ounce  is  then  added  and  treated  in  the  same  manner, 
and  so  on  till  six  ounces  have  been  forced  into  the  mould  :  a  loose 
iron  cover,  just  adapted  to  fit  into,  the  mould,  is  then  laid  npoii 
the  platina,  and  by  means  of  a  strong  screw-press,  almost  every 
particle  of  air  is  forced  out  from  the  metal.  'I'his  is  an  important 
part  of  the  process;  for  if  any  quantity  of  air  is  left  in  the  mass, 
the  bar  into  which  it  is  formed  will  be  liable,  in  the  subsequent 
operations,  to  scale  and  be  full  of  flaws.  The  pressure  being 
dulv  made,  the  mould  is  to  be  taken  to  pieces,  and  the  platina 
will  be  found  in  the  form  of  a  barely  compact  ])arallelopiped. 

110.  It  is  now  to  be  placed  in  a  charcoal  forge  fire,  and  exposed 
•to  the  roost  intense  white  heat,  in  order  complete  ly  to  drive  off 
the  remaining  ammoniacal  muriate ;  this  being  done,  it  is  to  be 
quickly  placed  on  a  clear,  bright  anvil,  and  gently  hammered  in 
all  directions  with  a  clean  hammer.  This  must  be  repeated  several 
times;  after  which  the  mass  will  be  })(rfectly  compact,  and  fit  to 
be  laminated  or  wrought  in  any  other  luanner  that  may  be  required. 

Ikduction  of  the  Ores  of  Mercury,  . 

111.  The  metallurgic  treatment  of  mercury  is  very  simple,  and 
the  metal  is  extracted  chiefly  by  two  methods.  The  following  is 
tbe  process  adopted  in  the  Palatinate.  The  ore  is  to  be  sorted, 

For  what  purpose  is  alcohol  used  in  this  assay  ? 

How  w  the  ammonia-mariate  of  platina  brought  to  the  state  of  0pongy 

platinn  ? 

Does  the  process  of  meltinjx  form  any  part  of  tho  reduction  of  platina? 
What  is  the  purpoAe  of  compressing  the  spongy  muss  ? 
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polwized,  and  mixad  with  qnieUiaie  or  riaked  lime;  and  tlie 
neher  it  ijs  ia  metal,  so  much  greater  mast  be  tlie  proportion  of 
the  lime.  The  mixture  is  then  introduced  into  large  cast-iron 
letortSf  which  are  placed  in  two  ranks,  one  above  the  other,  in  a 
long  fomace;  and  each  retort  is  to  have  attached  to  it,  without 
luting,  a  glass  receiver,  one  third  part  filled  with  water.  The  fur- 
nace is  tlien  to  be  heated,  at  first  gently,  to  drive  off  the  nnoisture  ; 
after  which,  the  juncture  of  the  vessels  must  be  clos(-d  witii  tem- 
pered clay,  and  a  full  red  heat  is  to  be  applied  for  seven  or  eight 
nours.  The  lime  will  combine  with  the  sulphur  contained  in  the 
mercurial  ore,  and  the  metal  will  be  volatilized  and  condensed  in 


Almaden  and  at  Idria,  wheie  furnaces  of  a  peculiar  construction 

are  used,  and  the  reduction  of  the  metal  is  effected  by  the  oxida- 
tion and  consequent  separation  of  the  sulphur,  which  forms  Sttl« 
phurous  acid,  while  tlie  mercury  is  sublimed,  and  becomes  con* 
doused  within  the,  apparatus.* 


112.  This  metal  being  found  in  a  state  of  nature,  variously 
combined,  different  processes  are  recj^uisite  to  reduce  ii  to  the 
metallic  state.  The  smelting  of  iron  is  a  subject  of  national  im- 
portance, and  hence  it  has  not  only  occupied  mikch  of  the  attention 
of  writers  on  metallurgy,  but  it  has  likewise  furnished  a  topic  for 
distinct  and  sometimes  voluminous  treatises.  It  can  here,  how* 
ever,  be  but  slightly  noticed,  as  our  limits  will  only  admit  of  some 
brief  and  general  statements  of  the  peculiar  methods  of  reducing 
this  metal.  Carbonaceous  matter  of  some  kind  is  always  larffely 
employed  in  smelting  iron  ores;  in  some  countries,  as  Sweden, 
charcoal  is  used  for  that  purpose;  while  in  Great  Britain,  there 
are  but  few  charcoal  furnaces,  coke  being  generally  employed 
instead  of  it.  The  most  abundant  of  the  iron  ores  is  the  common 
ironstone,  which  is  an  impure  carbonate  of  the  metal,  fonnd  in 
small  lumps  or  layers  in  the  day  which  separatee  the  beds  of  coal. 

113.  The  ore  is  first  reduced  to  pieces  about  the  size  of  an  egg, 
and  is  sometimes  roasted  in  cup-shaped  kilns,  having  lighted  coal 
at  the  bottom,  on  which  the  iron  ore  is  heaped  so  as  to  fill  the 
kiln,  and  the  roasting  is  generally  complete  by  the  time  the  coal 
is  consumed.  More  commonly,  however,  the  roasting  is  per- 
formed on  the  ground  :  a  bed  from  four  to  eight  inches  in  thickness 
of  coal  i^^  first  laid  down,  on  which  is  j)laced  a  layer  of  broken  iron- 
stone, fruiii  eighteen  inches  to  two  feet  thick ;  two  inches  of  small 

In  how  nuiny  ways  is  mercuiy  reduced  ijom  its  native  state  ? 
What  is  the  purpose  of  employing  lime  in  this  proeem? 

How  is  the  reduction  of  mercury  effected  at  Idria? 

What  kind  of  matter  is  ext^^nsively  (iniployed  in  rediicin.^  iron  ores? 


Uie  reeeirer*  A  different  method 


Medueium  of  the  Ores  of  Iron* 


*      M^taUuigie  Pratique,  pp.  296—303. 
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coal  are  then  laid  on  the  ore,  and  on  this  a  pile  of  ore,  dimiidshing 
in  size  so  as  to  form  a  ndse  at  the  top,  and  the  whole  is  then 
corered  with  small  coal  and  coal^dast.  The  pile  is^  jat  bottom^ 
from  thirty  feet  to  sixty  yards  long,  ten  to  sixteen  feet  wide,  and 

about  five  feet  high.  The  lower  stratum  of  coal  is  then  lighted, 
which,  hy  degrees,  lights  the  whole  mass.    In  a  few  days  the 

ironstone,  when  cool,  becomes  of  a  red  or  reddish-brown  colour; 
and  the  sulphur,  carbonic  acid,  water,  and  inflammable  matter 
being  driven  off,  it  is  fit  for  the  smelter. 

114.  In  Knjrland  and  Wales  the  furnace  in  which  iron  is  smelted 
is  upwards  of  forty  feet  hijrh,  and  is  huilt  of  the  strongest  masonry, 
externally  of  the  form  of  a  truncated  four-sided  pyramid,  inter- 
nally of  a  peculiar  ligiire,  and  lined  partly  by  fire-bricks  and  partly 
by  sandstone;  and  into  which,  when  charged,  air,  in  a  liigh  state 
of  compression,  and  sometimes  preyiouslylmted,  is  forced.  This 
is  a  blast  furnace,  and  is  charged  at  the  chimney  at  legalar  in- 
tervals with  coke,  iron  ore,  and  limestone,  in  the  proportion  of 
about  4  of  the  first,  of  the  second,  and  1  of  the  third  by  weight; 
and  is  always  l<ej>t  so  rhar^red  to  a  certain  height. 

115.  In  somewhat  more  than  fortv-eifrht  hours  the  whole  runs 
down,  being,  however,  constantly  replaced  by  fresh  materials,  and 
the  iron  being  melted,  is  suffered  to  flow  out  once  in  eight,  ten,  or 
twelve  hours,  into  furrows  made  in  sand,  where  it  forms  pig  iron; 
or  into  a  large  reserroir,  whence  it  is  poured  by  means  of  ladles 
into  mouldsi  forming  all  the  various  articles  of  cast  iron  ware, 
from  cannon  and  steam-engine  boilers  to  fire-grates  and  common 
iron  pots. 

116.  The  fuel  for  smelting  iron  hitherto  used  in  the  United 

States,  is  charcoal,  but  few  attempts  haying  been  made  to  intro- 
duce any  other.  The  abundance  of  wood  has  thus  far  allowed 
this  employment  of  its  product ;  but  the  vast  ext(  nsion  recently 
given  to  the  iron  business,  now  calls  for  the  introduction  of  some 
more  economical  species  of  combustible.  The  process  of  cok- 
ing is  about  to  be  carried  on  to  considerable  extent,  at  the  iron 
works  on  the  west  branch  of  the  Susquehanna  river,  in'  Pennsyl- 
vania, and  the  advantage  which  would  result  from  the  employ- 
ment of  anthracite  for  this  object,  has  called  forth  a  number  of 
ingenious  attempts  to  adapt  its  action  to  the  reduction  of  iron  ore. 
In  connexion  with  charcoal  it  has  been  used  to  some  extent  in 
France,  but,  as  it  seems,  without  any  dociHed  advantage,  at  least 
in  the  place  where  it  was  applied,  over  the  fuel  previously  employ- 
ed. In  England  coke  has  lontr  since  almost  entirely  superseded 
charcoal,  and  within  the  last  three  or  four  years  raw  bituminous 
coal  has  in  many  works  licarly  taken  the  place  of  coke. 

In  what  two  modes  is  the  roasting  of  iron  ore  eflecfed  ? 

What  is  the  heiuht  and  general  construption  of  smelting  fiirnarr«;  ? 
What  are  the  proportions  of  roke.  ore,  and  Hmrsfoop  ?    In  what  length 
of  time  is  the  ciitne  <  liarge  of  a  high  siueiting  furnace  rtm  out? 
What  fuel  is  chiefly  used  for  smelting  iron  in  the  United  Stslttif 
What  varieties  of  niel  have  been  employed  in  Europe? 


■ 


Uigilized  by  Google 


SMELTING  FURNACE.  '  223 

•  .  117.  Turf  and  even  wood  have  in  some  instances  been  advan- 
tageously substituted  for  a  part  of  the  usual  charge  of  charcoal, 
in  a  snieltinjr  furnace.  The  hot  air  blast  is  one  of  the  most  recent 
and  capital  improvements  in  the  smeltinor  process ;  and  the  intro- 
duction of  this,  together  with  a  change  from  the  exclusive  use  of 
charcoal  to  a  partial  use  of  wood,  has  been  found  by  M.  Naher, 
at  the  iron  works  at  Plons,  Canton  of  St.  Gall,  Switzerland,  to 
give  decided  advantages  over  the  method  previously  pursued. 
The  economy  of  using  a  hot  blast  with  charcoal  alone,  was  chief- 
ly in  the  diminution  of  the  quantity  of  fuel  required  by  a  given 
weight  of  pig  metal,  being  about  hfieen  per  cent.,  while  the  ac- 
tion of  the  furnace  was  retarded  by  of  its  original  number  of 
charges  per  day  when  using  charcoal  onl)',  and  fed  with  cold  air; 
but  the  substitution  for  one  half  the  bulk  of  charcoal  of  an  equal 
bulk  of  dry  pine  wood,  not  only  gave  more  pig  metal  in  a  given 
time  than  when  using  charcoal  alone,  but  increased  the  yield  of 
the  furnace  from  1560  to  2019  lbs.  in  twelve  hours. 

118.  The  hot  air  blast  is  applied  by  carrying  the  pipe  from  the 
bellows,  sometimes  through  a  hot  air  chamber  above  the  top  of  the 
tunnel  head  of  the  smelting  furnace,  in  order  to  economize  that 
part  of  the  heat  which  ordinarily  escapes  and  is  lost.  At  other 
times  it  passes  through  a  long  hot  air  chamber,  expressly  intended 
for  heating  the  air,  and  supplied  with  hot  gas  from  furnaces  of  its 
own  ;  the  latter  arran^^ement  is  seen  in  the  annexed  figure,  in  which 
a  plan  of  the  smelting  furnace  at  the  level  of  the  tuyeres  is  given. 


r- 


H  is  the  hearth  or  receptacle  for  the  melted  iron.  A  A  A  A  ara 
the  parts  of  the  masonry  of  the  structure.  C  C  C  are  three  branch 
pipes  coming  from  the  main  bellows  pipe,  b  b  are  small  furnacea, 
placed  near  the  termination  of  the  respective  branches.  B  is  a 
larger  furnace  under  the  main  pipe.  W  is  a  water  regulator  by 
which  the  intensity  of  the  blast  is  prevented  from  exceeding  a 
given  amount.  G  is  a  common  chimney  for  the  escape  of  gas 
From  all  the  air  heating  furnaces. 

What  is  found  to  bo  the  advantage  of  using  hot  air  in  a  blast  furnace 
for  smelting  iron? 

What  has  experience  proved  in  regard  to  the  use  of  wood  for  the  samo 
purpose  ?   What  is  tho  arrangement  for  heating  air  for  this  purpose  ? 
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119.  There  are  several  varieties  of  iron  to  be  found  in  com- 
merre,  the  most  important  of  wliich  arc  cast  iron,  wrought  iron, 
and  steel.  Of  cast  iron  there  are  two  principal  kinds,  called  re- 
spectively white  and  gray  iron.  White  iron  is  very  hard  and  brittle, 
and  exhibits  a  radiated  fradture,  being  composed  of  a  congeries  of 
laminsi  variously  aggregated*  Acids  act  upon  it  but  slowly* 
Cray  or  motded  wm  is  aofter  and  less  brittle  thau  white,  so  that 
it  admits  of  being  bored  or  turned  in  a  lathe.  The  texture  of  the 
metal  gives  it  the  appearance  of  bundles  of  minute  fibres. 

120.  Cast  iron,  after  having  been  in  some  degree  refined  by 
fresh  fusion,  in  contact  with  charcoal,  is  converted  into  tvrought 
iron  by  a  process  called  puddling.  The  cast  iron  is  put  into  a 
reverb  oratory  furnace,  and  when  in  the  state  effusion  it  is  ao-itated, 
60  that  every  part  of  the  mass  may  be  exposed  to  the  air  ana  flame. 
After  some  lime  the  melted  metal  heaves,  a  blue  flame  issues 
from  its  surface,  it  gradually  grows  tough,  loses  its  fusibility  and 
becomes  pulyerulent.  The  fire  is  then  incieasedy  so  that  the  parti- 
cles again  agglutinate  at  a  welding  heat,  and  are  wrought  up  into 
separate  masses*  which*  while  intensely  heated,  are  passed  sue- 
cessir^  between  rollers,  and  a  quantity  of  carbonaceous  matter 
being  pressed  out,  the  metal  is  rendered  malleable.  The  flattened 
masses  cut  in  pieces  are  then  placed  in  parcels  in  a  reverberatory 
furnace,  strongly  heated,  and  again  hammered  or  rolled  out  into 
bars.    The  iron  is  thus  rendered  more  tough,  flexible,  and  mal- 

•  leable,  but  at  the  same  time  almost  infusible,  and  in  this  state 
it  appears  to  be  nearly  pure. 

191.  A  bar  of  wrought  iron,  when  Its  texture  Is  examined,  dis- 
pIsTS  a  fasciculated  appearance,  the  fibres  extending  longitudi- 
nally, as  may  be  perceived  in  a  bar  of  wrought  iron  that  has  been 
torn  asunder.  Steel  is  a  compound  of  iron  and  carbon,  ti^e  latter 
in  small  proportion,  and  it  is  not  improbable  but  it  may  also  con- 
tain silicon.  It  partakes,  to  a  certain  extent,  of  the  properties  of 
cast  iron  and  wrought  iron,  being  fusible,  like  the  former,  and 
malleable,  like  the  latter.  When  it  is  heated  and  suddenly 
cooled,  it  becomes  hardened,  and  by  proper  management  it  may 
thus  be  variously  tempered  to  form  cutting  instruments,  and  for 
other  purposes* 

1S2.  When  steel  is  kept  for  along  time  in  a  state  of  fiiaion,  its 
carbon  is  dissipated,  an  it  becomes  reduced  to  the  state  of  pure 
iron.  Iron  is  converted  into  steel  by  a  process  termed  cementation ; 
which  consists  in  submitting  iron  with  charcoal  in  alternate  lay- 
ers to  the  action  of  heat  in  a  close  furnace  for  several  days.  Cast 
sfcel  is  prepared  by  melting  common  steel  in  a  crucible,  with  a 
flux  composed  of  carbonaceous  and  vitrifiable  infrredients.  It  is 
Still  more  highly  carbonized  than  common  steel,  as  well,  as  more 
brittle  and  fusible ;  and  being  harder,  of  more  uniform  texture,  and 

ITow  is  wrought  iron  made  ?  What  m  sieel  I 
How  ia  it  hardened  f 

How  may  tteel  be  converted  into  malleabie  fvimf 
£U»w  '»  fwn «ieel  preporedf 
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of  more  compact  grain,  it  is  adapted  for  all  tlie  finest  articles  of 
cutlery. 

123.  Iron  in  the  process  of  its  conversion  into  steel  acquires  a 
blistered  surface,  and  in  this  state  it  is  used  for  some  purposes 
under  the  name  of  blistared  stteL  This,  when  made  into  smaller 
hm  and  hammered,  fbrms  tiUed  ttedg  which  when  broken  up, 
heatedf  welded*  and  again  drawn  oi|^  into  bars,  forms  thear  steal* 

Sedudhn  of  ike  Ores  of  Tin.. 

124.  The  ore  from  which  tin  is  procured  in  England  is  an  oxide, 
found  interspersed  through  some  parts  of  the  mineral  veins  in 
Cornwall,  in  small  crystals,  accompanied  by  masses  of  slate  or 
granite,  sal  phu  rets  of  iron  and  copper,  and  arsenical  pyrites, 
quarti,  and  occasionally  tungstate  of  iron  and  other  minerals.  It  is 
commonly  blasted  by  gunpowder,  and  brought  to  the  surface  in 
pieces  of  considerable  size,  which  are  stamped  to  a  fine  powder,  till 
the  ore  has  the  appearance  of  slime,  and  it  is  afterwards  washed  on 
a  wooden  frame  termed  a  huddle;  the  strmm  of  water  carrying 
otf  the  lighter  earthy  particles,  and  leaving  the  more  weighty 
grains  of  tin,  which,  after  repeated  washings,  are  reduced  to  a 
state  fit  for  the  smcltiiig-house. 

•  125.  Being  still  mingled  with  other  substances,  it  is  in  this  state 
termed  black  tin.  This  is  roasted  at  a  low  red  heat,  in  a  rever- 
beratory  furnace,  to  Tolatilize  the  arsenic  and  snlphuiw  It  is  then 
of  an  ochrey  red  colour,  owing  to  the  oxidation  of  the  iron  and 
copper.  It  IS  again  washed,  and  the  impurities  separated  from  it; 
and  it  is  then  reduced  by  placing  it  in  a  reverberatory  IbnMce, 
about  seven  feet  long  and  three  and  a  half  wide,  from  seven  to 
fifteen  hundred  weight  of  the  roasted  ore  being  mixed  with  about 
one-fifth  of  small  coal,  and  in  some  cases  a  small  quantity  of  slaked 
lime,  the  whole  beincr  turned  over  and  moistened  with  waior;  a 
brisk  fire  is  then  applied  for  about  six  hours,  the  tin  sinking,  as 
it  becomes  reduced  to  the  bed  of  the  furnace,  beneath  a  surface 
coating  of  boiling  black  Bcoris.  The  furnace  Is  then  tapped,  and 
the  melted  tin  suffered  to  flow  into  a  small  cavity  at  the  foot  of 
the  fuqonce.  When  that  is  done,  the  scoriae  are  raked  off,  and 
a  new  charcre  of  roasted  tin  ore  and  small  coal  thrown  in. 

126.  When  the  metal  in  the  pit  is  red-hot,  it  throws  up  a  quantity 
of  slag,  very  rich  in  metal,  which  is  immediately  returned  into  the 
furnace;  and  when  the  melted  tin  is  become  sufficiently  cool,  it  is 
taken  out  with  iron  ladles  and  poured  into  moulds  of  granite, 
where  it  consolidates,  each  charge  aHording  on  an  average  from 

• 

What  is  meant  by  blistered  steel  f 

MHiat  by  tilted  steel  f 

What  is  shear  steel  t 

In  what  state  is  the  ore  of  tin  found  ? 

IJow  is  the  earthy  matter  separated  ? 

What  is  black  tin? 

How  many  procesMi  sue  necensiy  to  bringit  to  die  slate  of  pure  msialf 
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four  to  Ave  hundredweight  of  metal.  The  raalted  tin  thus  pro- 
cured is  next  placed,  without  aiqr  addition,  in  a  small  reyerbera' 
tory  furnace,  and  exposed  to  a  very  gentle  heat ;  the  purest  part 
which  melts  first  is  drawn  off,  forming  the  common  grain  tin ;  the 
more  refractory  part,  containing  a  small  and  variable  proportion  of 
copper  and  arsenic,  is  then  melted  and  cast  into  pigs  of  common 
tin,  or  block  tin. 

127.  The  finest  grain  tin,  Itowerer,  is  nrociired  from  the  stream- 
tin  ore,  80  tenned  heoaoBe  it  c<m8iet8  of  the  loose  crystals  of  oxide 
of  tin  found  in  the  rubble  or  alluvial  soil  in  some  of  the  low 
grounds  of  Cmwall,  having  been  washed  thiiher  by  streams  of 
water.  These  are  free  from  the  impnrities  of  vein-tin  ore,  and  the 
metal  is  coDseqnently  more  perfectly  redooed*  and  by  more  simple 
processes. 

jReiudion  of  ike  Ores  of  Copper, 

128.  The  copper  ore,  from  which  the  metal  is  generally  pro- 
cared,  is  the  yellow  sulphuret,  a  combination  of  copper  with  sulphur 
and  iron.  The  next  ore  which  occurs  most  abundantly  is  the  sul- 
phuret, containing  about  eighty  per  eent#  of  copper.  The  oxides, 
euhonates,  and  arseniates  of  copper,  are  also  fonnd,  hot  in  smaller 
quantities,  and  they  are  of  less  importance.  Both  arsenio  and 
tolphur  adhere  strongly  to  copper ;  and  as  a  small  proportion  of 
eitner  renders  the  metal  brittle  and  difficult  to  work,  peculiar  at- 
tention is  necessary  in  the  reduction  of  copper  ore,  in  order  that 
these  substances  may  be  separated. 

129.  The  reduction  of  copper  ore  is  completed  by  means  of  eight 
processes.  The  first  is  that  of  calciningr  in  a  reverberatory  fur- 
nace, about  17  feet  by  19,  with  a  bottom  or  bed  made  of  fire-bricks. 
The  chimney  is  from  40  to  50  feet  hi?h,  which  causes  such  a 
powerful  draught  that  the  araenic  and  sulphur,  separated  in  roast- 
mg  the  Qfe,  pass  almost  wholly  through  the  chimney  into  the  open 
air.  About  three  tons  of  the  ore  are  spread  over  the  bottom  of  the 
furnace,  being  thrown  in  at  the  top,  through  a  kind  of  funnel  or 
hopper.  The  fuel  is  saiall  coal,  which  is  burnt  at  the  anterior 
part  of  the  furnace,  and  its  tlame  passes  over  the  surface  of  the 
ore  in  its  passacre  to  the  chimney. 

130.  In  this  furnace,  which  is  called  the  calcining  furnace,  tlie 
ore  is  roasted,  without  addition,  with  a  dull  r^  heat  for  twelve 
hours,  being  frequently  stirred  with  a  long  iron  rake,  to  expose 
fresh  surfaces  to  the  action  of  the  flame.  The  ore  is  not  melted 
here;  but  when  roasted  suffieiently  to  oxidate  the  iron,  and  eon- 

In  what  sort  of  moulds  are  the  pigs  of  tin  cast? 

What  is  meant  by  grain  tin  f 

How  is  the  best  kind  of  fbsM  tin  obtained  t 

From  what  kind  of  copper  ores  is  the  greatest  portion  of  that  metal  ob* 

tained  ? 

What  eflbeto  have  anenic  and  sulphur  on  the  qualities  of  copper  ? 
[low  many  prooesBes  an  nqnired  to  efTect  die  reduction  of  copper  oie? 
How  is  the  ore  diipoaed  for  calcination  ? 
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Veit  tbe  sulphur  into  sulpliarous  acid,  jt  undergoes  the  seeend  pfo^ 
cess,  namely,  that  of  being  melted  ;  and  for  this  purpose  is  car- 
ried to  another  furnace,  about  1 1  feet  by  8,  and  here  it  receives  a 
•  fusing  heat,  but  still  without  any  addition,  except  a  little  slag, 
or,  when  the  ores  are  very  sullen,  a  little  fluor  spar  to  assist  the 
fubion. 

131.  When  the  ore  is  melted,  the  liquid  mass  is  well  stirred, 
and  afterwards  the  slaff  is  raked  front  its  snrfaoe.  More  eaksined 
ore  is  then  added,  and  when  the  furnace  is  foU  it  is  tapped,  and 
the  melted  metal  flows  into  an  adjoining  pit  full  of  wateff  by 
Which  means  it  becomes  grannlated*  The  metal  in  this  state  cou<« 
tains  about  one-third  of  copper,  and  consists  of  copper,  sulphur, 
and  iron.  Five  charfres  are  melted,  in  twenty-four  hours.  In  the 
third  operation,  the  granulated  metal  is  calcined  to  oxidate  the 
iron,  and  it  remains  twenty-four  hours  in  the  furnace;  during 
which  it  is  often  stirred  and  turned  about,  the  heat  being  at  first 
modhrate.  but  gradually  iucreased. 

133.  The  fourth  procesa  is  that  of  melting,  a(Wr  ealetnatidn,  fa 
tiie  small  furnace,  some  slags  from  the  last  operation  being  added, 
and  pieces  of  furnace  bottoms  impregnated  with  metal  in  the  form 
of  oxide  of  copper,  which  become  reduced  during  this  process ; 
the  oxygen  of  the  copper  combining  with  the  sulphur  passes 
off  as  sulphurous  acid  gas,  while  tlie  reduced  metal  enters  into 
combination  with  the  sulphuret.  The  slags  being  skimmed,  the 
melted  metal  is  either  tapped  and  suffered  to  run  into  water,  where 
it  is  granulated,  or  else  into  sand  beds,  where  it  becomes  solid* 
Its  produce  in  fine  copper  is  now  abouit  60  per  oiBut. 

133.  The  fifth  process  is  that  of  again  subjecting  the  metal  to 
the  same  mode  of  calcination  as  in  the  third  process.  The  sixth  pro- 
cess consists  in  the  melting  again  of  the  metal,  as  in  the  fourth 
process,  and  the  result  is  a  coarse  copper,  containing  from  80  to  90 
per  cent,  of  pure  metal.  In  the  seventh  process  th©«dB#lftl  is 
roasted  in  the  smaller  furnace,  chiefly  to  oxidate,  and  finally  to 
expel  the  volatile  substances.  From  25  to  30  per  cent,  of  metal, 
by  this  process,  becomes  fused  at  tbe  end  of  the  operation,  which 
continues  from  twelve  to  twenty-four  honrs,  according  to  cireum- 
•atances.  The  metal  is  then  tapped  into  sand  beds,  and  the  pig^ 
in  this  state  are  termed  blistefed  copper.  It  is  now  fit  for  the  re- 
finery. 

131.  The  eighth  process  is  that  of  refining  or  toughening.  Thi^ 

appears  to  be  a  delicate  process,  the  success  of  which  depends  on 
S(jveral  circumstances  that  are  judged  of  principally  by  the  eye  of 
the  workman.  It  is  conducted  in  a  furnace  similar  to  that  for 
melting ;  and  the  chief  objects  appears  to  be  that  of  abstracting 

How  ibr  mehini^  and  gnnulatingr 

How  for  separating  the  iron  ? 

What  is  the  purpose  of  the  Ibtirth  procesa  ? 

What  of  the  fifth  ? — tho  eixth  ( — the  seventh  I 

What  is  blifltereil  copper? 

How  is  the  nSxuttg  pfOiress  oondactedt ' 
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from  the  nearly  pure  metal  the  last  portions  of  oxygen,  which  is 
efTected  by  addinir  charcoal  to  the  iiH  tal  while  in  fusion,  and  stir- 
rinnr  it  occasionally  with  a  pole  of  hirch-wood,  until  the  operator 
judges  it  to  be  pure 

Eedueiion  of  Ore  of  Lead. 

135.  The  principal  part  of  the  h  ad  procured,  is  derived  from  the 
ore  called  galena,  w^hich  is  a  sulphuret  of  lead.  Other  ores,  as  the 
carbonate,  the  sulphate,  and  the  oxide  of  lead,  are  occasionally 
mixed  with  the  galena,  which  also  frecjuently  c  ntains  some  silver, 
and  w  hen  the  quantity  is  sufficient  to  pay  for  the  expense  of 
separating  it,  that  process  is  effected  by  exposing  the  roasted  sal- 
ptmret  to  the  action  of  air  and  heat,  in  shallow  earthen  dishes* 
The  lead  thus  becomes  oxidated,  or  converted  into  litharge ;  while 
the  silver  is  left  behind,  retaining  the  metallic  form.  The  litharge 
is  afterwards  reduced  by  fusinfj  u  with  charcoal. 

13G.  In  the  usual  process  for  the  smelting  of  lead  ore,  the 
galena  being  freed  by  the  hand  and  the  hammer  from  all  such  im- 
purities as  can  be  readily  st^parated  from  it,  is  beaten  into  small 
pieces,  and  after  repeate  d  washings  and  cleansings,  is  placed  in  a 
reverberatory  furnace  at  a  low  red  heat  for  some  hours,  to  drive 
oflf  the  sulphur  and  arsenic,  without  fusine  the  lead ;  and  when 
the  flame  on  the  suriace  has  changed  from  blue  to  a  reddish  whitet 
the  loastiiiff  is  considered  as  finished,  the  lead  being  converted 
into  an  oxide. 

1S7.  The  reverberatory  furnace  commonly  used  is  about  10  feet 
long  and  6  feet  wide  internally,  and  about  2^  feet  deep ;  the  fire- 
place being  at  one  end,  from  which  the  flame  rises  into  the  fur- 
nace. The  quantity  of  ore  usually  thrown  into  the  furnace  at  once 
is  sixteen  hundred  weight,  of  one  hundred  and  twenty  pounds  each, 
whichouantity  is  spread  over  the  floor  of  the  furnace,  and  the 
dooHMPjthen  closed. 

138.  Th«  roasting,  as  above  mentioned,  being  completed  in  a 
moderate  heat,  a  small  quantity  of  charcoal  is  added,  the  doors 
closed,  and  the  reduction  completed ;  the  lead,  in  a  reduced  state, 
lying  at  the  bottom  of  the  furnace,  covered  by  a  slag  two  or  three 
inches  in  thickness,  the  slag  is  then  tapped  and  runs  off,  and  is 
used  for  mending  the  roads.  Some  quicklime,  in  powder,  is  now 
ihrow^ndovvn  upon  the  metal  in  a  state  of  fusion,which  serves  to  raise 
and  cake  the  remaining  slag;  which,  by  means  of  a  rake,  is  taken 
from  the  surface,  and  is  nearly  black,  and  very  heavy.  The  lead 
is  then  suffered  to  run  out  of  the  furnace  into  a  pan,  and  the  scum 
or  dross  being  talcen  from  the  surface  is  ^rown  back  into  the  fur- 

From  whal  tpecietof  ore  ia  lead  generally  obtained! 

How  may  silver  he  separated  from  an  ore  of  lead? 
In  what  maimer  m  lilhargc  reduced  to  pure  metal? 
VHiet  u  the  common  procen  for  reducing  gulenaf 
What  kind  of  furnace  is  employed  ? 
What  use  ia  made  of  the  «oori»  fkom  ihia  pffocess  ? 
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nace :  the  lead  is,  lastly,  ladled  from  the  pan  into  iron  moulds, 
and  left  to  cool.  AH  these  operations  are  repeated,  by  means  of 
two  sets  of  workmen,  durmg  every  seven  or  eight  hours* 

Meduttion  of  ihc  Oru  of  Zmcm 

139.  The  ore  of  zinc,  whether  calamine  or  blende,  is  first  broken 
into  small  pieces,  and  the  galena,  pyrites,  and  other  impurities 
aro  separated  as  exactly  as  possible  by  the  hand ;  it  is  next 
calcioed  at  a  moderate  red  heat  in  a  rembeiatory  famaee,  by 
which  the  calamine  is  freed  from  its  carbonic  acid,  or  the  blende 
from  most  of  its  sulphur.  It  is  then  washed,  by  which  the  lighter 
earthy  parts  are  separated  from  the  metallic  oxide,  which  latter 
being  dried  is  well  mixed  with  one-eighth  its  weight  of  charcoal, 
by  grinding:  the  ore  and  charcoal  together  in  a  nuU«  as  a  prepara- 
tion for  smelting. 

140.  The  furnace  in  which  the  reduction  is  performed,  is  of  a 
circular  figure,  somewhat  like  that  of  a  glasshouse ;  in  it  are  fixed 
six  large  earthen  pots  of  eroeibleSv  abont  four  feel  high,  nearly  of 
the  shape  of  oil-jars ;  into  the  bottom  of  each  crucible  is  inserted 
an  iron  tube*  that  passes  through  the  arched  floor  of  the  fumacey 
and  dips  into  a  vessel  of  water  placed  beneath,  while  the  other 
end  of  the  tube  rises  inside  the  crucible,  to  within  a  few  inches  of 
its  top.  These  crucibles  are  filled  up  to  the  level  of  the  tube  with 
the  mixture  of  roasted  ore  and  charcoal,  the  cover  of  each  is  very 
accurately  luted,  and  the  furnace  is  charged  with  fuel,  by  which 
an  intense  heat  is  kept  up  for  several  hours.  The  zinc,  as  it  is 
reduced,  ascends  to  the  top  of  the  pot  in  the  form  of  vapour,  and 
being  prevented  from  escaping  by  the  closely  luted  cover,  it  de- 
seeMS  through  the  eentral  iron  tube  into  m  water^  and  is  con- 
densed in  small  drops  or  globnles,  whiidi  are  aflerwaida  melted 
and  cast  into  ingots. 

141.  Common  sine  generally  contains  a  little  lead,  copper* 
arsenic,  iron,  manganese,  and  probably  plumbago,  which  often 
considerably  impairs  the  quality  of  the  alloys  into  which  it  enters. 
In  order  to  get  rid,  in  part,  at  least,  of  these  impurities,  the  com- 
mon practice  is  to  melt  the  zinc  in  a  crucible,  and  then  to  stir  into 
it,  by  means  of  a  stick  or  earthen  rod,  a  mixture  of  sulphur  and 
fat ;  the  latter  of  these  preserves  the  zinc  from  oxidation,  while 
the  former»  uniting  with  all  the  metals  present,  except  the  zIqc, 
converts  them  into  snlphorets,  which,  rising  to  &e  top,  form 
scoritt  that  may  be  skimmed  off ;  this  is  to  be  repeated  as  long  as 
any  scori»  appear  on  the  surfiiee. 


What  mechanical  process  is  necessary  to  nrepare  the  ores  of  zinet 

What  furnace  is  employed  lo  efiect  tiio  calcination  of  this  ore  ? 
-  Describe  Uie  furnace  in  which  the  reduction  of  zinc  ore  is  effected. 
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the  melting  pois  ? 

How  ia  zinc  puri^ed  iiom  other  metaU  ? 

U 


Digitized  by  Google 


230^  ^  ^ — ^  MJiTAJLLUROY. 

149.  The  onljT  metals  whieh  bave  been  extenaiipely  applied 

lo  purposes  of  ntility  in  the  reguline  or  metallic  state,  aie  tbos% 
the  modes  of  reducing  which  have  been  described  in  the  precedingr 
pages.  Besides  these,  however,  the  metals  called  nickel,  palla- 
dium, and  rhodium,  have  recently  been  employed  by  ariists,* 
though  only  to  a  very  limited  extent;  and  antimony,  arsenic,  and 
bismuth,  though  not  used  alone  in  the  arts,  yet  serve  by  their 
combinations  with  certain  other  melals  to  form  valuable  alloys. 

143.  Gold  in  a  state  of  absolute  purity  is  so  soft  and  pliable, 
that  though  it  possesses  a  higfh  degree  of  tenacity,  it  is  by  no 
meaos  so  well  adapted  for  Ischnieal  purposes  as  some  of  itS'SUoys. 
The  sddition  of  copper  to  this  metal  Tenders  it  mucb  harder  than 
befotSy  and  gives  it  a  deeper  colour.  Silver,  on  the  contrary, 
oommanioates  to  gold  a  ii<rhter  tint;  and  the  mixed  metal  met 
with  in  commerce  called  ''gilded  ing^ols,"  consisting  of  silver 
alloyed  with  a  little  gold,  is  as  white  as  pure  silver.  The  gold 
coin  of  most  European  nations  contains  silver  or  copper,  or  both 
those  laetals.  The  standard  or  sterling  gold  of  England  is  com- 
posed of  twenty-two  carats, |  or  parts  of  pure  gold,  and  two  of 
copper,  which  proportions  appear,  from  the  experiments  of  Mr. 
Hatchett,  to  form  the  best  aUoy  for  the  purposes  to  which  it  is 
appropriated,  resisting  the  influence  of  friction  better  than  any 
other  which  had  been  tried.  Besides  jewellers^  gold,  whiA 
ought  to  be  of  the  new  standard,  or  eighteen  carats  fine,  alloys  of 
almost  every  degree  of  deterioration  are  used  for  making  trinkets 
and  other  articles. 

144.  "The  permanence  and  beauty  of  gold  renders  it  a  very 
desirable  ornament,  while  at  the  same  time  its  extensibility  ena- 
bles us  to  use  it  where  its  expense  and  weight  would  otherwise 
prscltide  its  employment*  Where  gilding  is  performed  upon 
metalHe  sorftees,  it  is  ssnally  done  by  a  adntton  or  amdgam  of 
gold  in  qnicksilTer*  This  is  called  water  gilding,  and  the  prooess 
exhibits  an  instance  of  chemical  attraction,  and  subsequent  de* 
composition  by  heat.  Steel  IS  sometimes  gilded  by  the  ethereal 
solution  of  gdd^if, 

What  effect  on  the  usefulness  of  gold  is  produced  by  allovmg  it  with 
copper?  What  proportion  of  oure  gold  is  contained  in  the  miloy  used  by 

joAvrllers?    ITovv  is  water-gilding  performed? 

*  See  TrMtke  on  Chenriitry,  Nes.  418  and  4S7. 

t  The  mode  of  computation  by  carats,  with  reference  to  the  alloys  of  the 

I)rcciou8  metals,  has  long  been  employed  in  England.  J'lvery  moKa  of  al- 
uyed  gold  is  supposed  to  be  divided  mto  iwentyfuur  carats,  and  the  rela- 
tive quantity  of  gold  it  contains  is  denoted  by  me  number  of  carats  of  that 
metal  in  the  mass  ;  as  gold  of  twenty-two  carats,  or  standard  gold  for  coin  ; 
gold  of  eighteen  carats,  or  gold  of  the  ncvk' standard,  used  for  watch-cases, 
&c.  This  method  does  not  so  conveniently  admit  of  the  appreciation  of 
various  quantities  of  alloy,  as  that  adopted  in  France,  whetre  the  pnre  gold 
in  alloys  is  eslimaied  by  thousandth  parts ;  thus  gold  of  eighteen  carats, 
or  (containing  i  oi  alloy,  would  by  the  French  meUiod  be  aaul  to  be  oi  the 
aiandafd  expressed  by  .750. 
t  Biande's  l^eet  on  Min.  Chem.  in  Jonni*  of  Science,  vol.  iv.  p.  8I& 
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145.  Silver  forms  useful  alloys  with  copper,  especially  for  coia 
and  plate.  The  addition  of  a  small  proportion  of  copper  to  silver 
renders  the  metal  harder  and  more  sonorous,  without  materially 
impairing  its  eolonr.  The  rilver  eoin  of  the  United  States  con- 
tains for  every  12  ounces  of  coin  10  ounces  14  pwts.  4/^  grains 
of  pure  silver,  and  I  ounce,  5  pwts.  19x2  grains  of  copper. 
Copper  is  plated  with  silver  for  wious  purposes,  and  by  hmsbs 
of  different  processes.  These  metals  may  be  united  by  a  mode 
resembling  the  operation  of  welding;  a  plate  of  nlver  being  sp* 

lied  to  the  surface  of  one  of  copper,  and  the  mass  compressed 
y  passing-  it  between  steel  rollers;  after  which  it  may  be  worked 
into  dilferent  forms  for  use  or  ornament.  An  inferior  kind  of 
plated  copper  is  formed  by  applying  to  the  surfdce  of  that  metal 
an  amaltrara  of  silver,  and*  the  mercury  being  driven  off  by  heat, 
the  surface  is  burnished.  The  brass  dials  of  clocks,  and  the 
scales  of  barometers  and  thermometers,  are  silvered  on  the  surface 
by  nibbing  over  them  a  mixture  of  chloride  of  silver,  chalk,  and 
pearlash. 

146.  The  compounds  of  mercury  with  other  metals  are  called 
amalgams.  That  of  tin  is  extensively  used  for  silvering  (as  it  is 
termed)  looking  glasses.  For  this  purpose  tin-foil  is  spread  on  a 
flat  stone,  and  covered  with  mercury ;  the  glass  is  then  placed 
upon  the  metallic  surface^  and  the  excess  of  mercury  being  pressed 
but,  the  remainder  amalgamating  with  the  laminated  tin  adheres 
to  the  glass,  forming  on  the  opposite  side  uf  it  a  brilliant  reflect- 
inor  surface.  An  amaloram  of  bismuth  2  parts,  lead  and  tin  1  eucli, 
and  mercury  4  parts,  is  used  for  silvering  the  interior  of  hollow 
glass  globes.  This  is  effected  by  introdneing  into  the  fflobe  a 
small  (|aantity  of  the  metallic  alloy,  which  is  to  be  meUed  by 
immersing  the  globe  in  hot  water ;  and  then  by  turning  it  gradually 
in  all  directions,  the  bright  coating  will  adhere  to  the  inside  of 
the  g-lnss.  Zinc,  amalcramated  with  mercury,  forms  a  composition 
whicli  increases  the  electrical  energy  of  glass  excited  by  friction; 
and  it  is  therefore  applied  to  electrical  machines. 

1 17.  Tin  constitutes  the  basis,  or  enters  into  the  composition 
of  various  useful  alloys.  An  extremely  important  application  of 
this  metal,  whieh  has  been  carried  to  high  perfeetioii  in  modem 
times,  is  the  coating  of  other  metals.  Copper  vessels  thus 
covered  seem  to  have  been  certainly  in  use  among  the  Romans, 
and  there  is  .reason  to  believe  that  they  also  knew  how  to  apply 
tin  in  the  same  manner  to  the  surface  of  iron.  I'he  process 
of  tinning  iroo,  or  making  tin-plate,  consists  chiefly  in  dipping 

What  qualities  of  silver  are  afiected  by  alloying  it  with  copper? 

In  what  manner  is  copper  plated  with  silver  ? 

How  are  clock  faces  and  thermometer  Rcnles  whitened! 

How  is  the  Milvering  of  looking  glasses  etTected  ? 

How  are  globular  mirrors  formed  ? 

For  what  parpose  is  amalgam  employed  in  electrical  experimrnti  { 
For  what  pnipoas  is  tin  extensively  employed  in  the  arts  I 
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sheets  of  im  into  a  ?essel  of  melted  tin,  the  saiftoe  of  whieh  is 

preTented  from  oxidation  by  bein^  covered  with  melted  tallow* 
The  tin  thus  unites  with  the  opposite  surfaces  of  (he  irooy  fatmiof 
with  it  an  alloy  to  a  slight  depth.  Various  precautions  and  mani- 
pulations are  requisite  to  ensure  the  complete  success  of  the  ope- 
ration, and  conduct  it  in  the  most  economical  manner,  of  which 
ample  information  may  be  found  in  a  valuable  paper  on  the  manu- 
facture of  tin-plate,  by  Mr.  Samuel  Parkes.* 

148.  The  process  of  tinning  tlie  interior  of  copper  vessels  for 
eolinary  purposes  is  eflbeled  on  similar  principles.  The  copper 
sarfhce  is  first  polished,  and  then  coated  with  sal  ammoniac  and 
pitch,  to  prevent  oxidation,  and  the  vessel  being  heated,  the  tin 
finely  divided,  and  also  heated,  is  applied  to  it,  and  adheres  to  its 
snperfices.  The  composition  of  bronze  used  by  the  ancients  in 
casting'  medals,  fifjures  in  relief,  and  for  other  purposes,  is  not 
exactly  known  ;  and  it  is  prol)ablo  thai  different  kinds  of  alloy  were 
used  by  artists  in  different  countries,  and  for  various  purposes. 
Tin  and  copper,  however,  appear  to  have  been  the  chief,  if  not 
the  sole  constituents  of  this  alloy ;  and  compounds  of  those  metals 
are  still  employed  for  works  of  an  analogous  description. 

149.  Pewter  is  said  to  be  an  alloy  of  tin  and  copper,  containing 
1  part  of  copper  to  90  of  tin ;  hat  the  omnposiuon  of  this  sob- 
stance  is  extremely  variable.  Common  pewter  consists  of  cheaper 
materials,  being  formed  of  80  parts  of  tin  and  20  of  lead;  while 
the  finest  pewter  has  been  stated  to  contain  about  12  parts  of  tin 
and  1  of  antimony,  with  a  small  portion  of  copper.  Britannia 
metal,  now  frequ(;ntly  used  for  making  teapots,  spoons,  and  other 
articles,  forminof  a  cheap  substitute  for  silver,  much  resembles  the 
last  mentioned  sort  of  pewter.  Its  composition  has  been  thus 
stated :  The  best  block  tin  3^  cwt.,  antimony,  28  lb.,  copper  and 
brass,  of  each,  8  lb« 

160.  Specnlnm  metal,  a  brilliant  alloy,  used  for  the  constmo- 
tion  of  concave  mirrors  for  reflecting  telescopes,  is  another  alloy 
into  the  composition  of  which  tin  always  enters,  though  its  chief 
constituent  is  copper.  The  grand  object  in  the  formation  of  this 
substance  is  to  obtain  a  reflpctinrr  body  which  shall  yh^ld  a  single 
distinct  image,  have  hardness  to  admit  of  its  being  highly  polished, 
and  a  surface  as  little  as  possible  liable  to  become  tarnished  by 
air  and  moisture.    Various  metallic  combinations  have  been  em- 


How  is  tin  plate  manuiactured  I 

How  is  copper  tinned  ? 

Of  what  materials  is  bronaa  composed 

What  ore  the  ingredients  of  prwtor     Britannia  ware? 
Of  what  are  the  mirrors  for  reflt'diiiE^  ielosc<)[)(>s  (  otnposecil 
What  are  the  great  purposes  to  be  atuimed  m  this  case? 


*  See  Joiim.  of  Science,  vol.  viii. ;  Momoin  of  the  Manchetlsr  Philoso- 
phical Society,  N.  S.,  vol.  iU. 
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ployed  for  these  purposes,  by  different  artists  and  experimental 
philosophers,  among  which  it  will  be  sufficient  to  mention  the  . 
alloy  of  1  part  tin  and  2  of  copper,  recommended  by  Mr.  Miultre; 
and  the  more  complex  metal  formed  of  copper  32  parts,  tin  15  or 
16  parts,  and  brass,  arsenic,  and  silver,  each  1  part. 

151.  Lead  when  alloyed  with  other  metals  seems  to  impair 
Hmr  tenidtv,  while  it  renders  them  more  fasible.  The  most  use- 
ful of  its  alloys  is  type-metal,  composed  of  shoot  16  parts  lead, 
and  1  antimony  and  copper;  but  the  proportions,  if  not  the  in- 
gpredients  themselves,  diner  in  different  foundrieSf  a  good  deal  of 
secrecy  beinw"  observed  with  respect  to  the  methods  of  forminor 
this  compound.  The  chief  object  in  the  combination  must  be  to 
obtain  complete  fusibility,  so  that  when  cast  the  type  shall  be  per- 
fect, formino^an  ex  \ct  counterpart  of  the  matrix  ;  and  likewise  that 
the  letters  may  be  liurd  enouoh  to  wear  well,  and  stand  their  work 
firmly,  having  just  so  much  tenacity  as  to  break  rather  than  bend, 
when  under  the  application  of  great  force*  An  alloy  of  lead  and 
antimony  is  also  used  to  malce  plates  on  which  music  is  en- 
graved. 

152.  Copper  forms  various  valuable  alloys,  the  most  important 
of  which  is  brass,  in  which  it  is  combined  with  zinc.  This  alloy 
is  usually  produced  by  mixing  g-ranulated  copper  witli  calamine 
(ore  of  zinc)  and  charcoal,  and  exposing  the  mixture  to  a  degreo 
of  heat  sufficient  to  reduce  the  ore,  and  the  revived  zinc  uniting 
with  the  copper  in  a  state  of  fusion,  the  melted  alloy  is  cast  into 
plates.  The  proportions  of  the  respective  metals  employed  are 
variable,  constituting  different  kinds  of  brass :  but  it  usually  con- 
tains from  19  to  18  per  cent,  of  sincy  aceordinff  to  Brande ;  thoogli 
Dr.  Thomson  found,  in  the  valuable  alloy  called  Dateh  brass,  70 
parts  of  copper  and  30  of  zinc.  Pinchbeck,  Prince  Rnpert*s  metal, 
Dutch  gola,  tombac,  and  similor,  are  alloys  composed  of  copper 
and  zinc,  the  proportion  of  the  latter  metal  being  smaller  than  in 
brass,  and  hence  they  are  formed  by  the  addition  of  copper  to 
brass.  Tutenag  is  said  to  be  an  alloy  of  copper  with  ziac  and  a 
little  iron.  In  a  metallic  substance  called  white  copper,  brought 
from  China,  Dr.  Fyfe  found,  besides  the  three  metals  Just 
mentioned,  a  large  proportion  of  nickel. 

The  following  table. contains  a  view  of  the  composition  and  ap* 
plication  of  a  number  of  the  most  useful  alloys  employed  in  the  arts; 
It  is  principally  due  to  the  labours  of  Messrs.  Cnaudet,  of  4*aris, 
and  P.  N.  Johnson,  of  London,  and  is  condensed  from%  table, 
communicated  for  the  Journal  of  the  Franklin  Institute,  by  Mr.  F. 
Peale.  ^  ^ 

What  are  Mrnie  of  the  proponions  ohsenred  in  making  type  metal  f 
What  offoct  has  lead  on  the  melala  with  which  it  is  mixed  f 

How  is  brass  manufiiofurod  ? 

What  is  the  composition  uf  Dutch  bra;8s? 

What  is  that  of  tutenag  ? 

What  higredienia  hive  been  Ibnnd  m  wlute  copper  f 

*  See  Juur.  Frank.  InsU  vol.  zvi.  p.  219. 
v  9 
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METALLURQT* 


7We  ofAUoyi^  SMarSf  and  dmaigwnif  uud  in  ike  JM$^ 

Alloy  of  Gold  Coin.— (Fr.  Stand.)    Gold  900,  Cop.  100. 

•«     Silver  Coin  {Yu  Stand.)   BVL.  900,  Cop.  100. 

Gold  Coin«^U.  8.  Stand.)  Gold,  Cop.  aoi 

Sil.  100.78. 

Silver  Coin.— (U.  S.  Stand.)  Sil.  892.43,  Cop.  107.57. 
^     Gold  Coin— (Eng.  Stand.)    Gold,  016.67,  Cop.  and 

Sil.  83.33. 

«*     Silver  Coin— (Eng.  Stand.)   Sil.  925,  Cop.  76. 
w     "  Billon."— (Fr.  Stand.)  Cop.  800,  Sil.  200. 
w     Gold  Medals.— (Fr.  Stand.)   Gold,  916,  Cop.  84. 
*«     Bronze  Medals.*   Cop.  920,  Tin  80. 
«*     Jewellery.— (Fr.  Stand.)   Gold  750,  Cop.  250. 
»     Silver  Plate.— (Fr.  Stand.)  Sil.  950,  Cop.  60. 
«*    Imitation  of  Gold.  Cop.  906.5^  Tin  94  J^. 
'  Imitation  of  SUiw.— (Paik.)  Cop.  578.0,  Zine  971.5, 

Nldr.  14S.7,  Lead  7.7. 
'  Cannon.   Cop.  900.9,  Tin  99.1. 

Statues,  sometimes  lead  and  zino.   Cop.  914.0,  Zine 

55.3,  Tin  17.0,  Lead  13.7. 
Bronzes  and  Candelabras.  Cop.  784.8,  Zinc  172.2,  Tin, 
28.7,  Lead  14.3. 
«     Mounting  of  Fire  arms.   Cop.  800,  Zinc  170,  Tin  30. 
^     Cymbals,f  Tarn  Tarns,  or  (Chinese  Gongs.    Cop.  800, 
Tin  200.  • 
Bella.   Cop.  750,  Tin  950. 
Reflaoton  of  Telaaeopea.   Cop.  666},  Tin  3331. 
M     Braaa  for  the  Latfae.^:.  Cop.  658.0,  Zine  818.0,  Lead, 
21.6,  Tin  2.5. 
Brass  for  the  Hammer.  Cop.  701,  Zine  299. 
"     Type8.§  Lead  800,  Antim.  200. 

Fasible  in  boiling  Water.   Bism.  500.0,  Lead  319.5, 
Tin,  187.5. 
"     For  Plugging  Teeth,  fusing  at  ^ 

169^  Bism.  454.5,  Lead      B+5  L+ST+l  M. 
284.1,  Tin  176.5,  Mer.  90.9.  J 
For  Tinning  Iron.  Tin  888.9,  Iron  lll.l. 
"    Daetile  GoM  of  18  caiata,  or  950  mUlieme8.||  Cop.  990, 
Gold  10. 


*  The  medals  miide  from  this  alloy  have  the  advantage  of  being  slruclt 


while  red-hot,  into 

K>1  gradually,  it  is 
oxcosBively  hard  ;  this  important  fact  ie  due  to  M.  d'Arcet,  who  has  thus 
iiiniitihed  the  means  of  fabricating,  in  France,  cymbak,  formerly  im- 
ported, at  great  coat,  from  China.         #  '  ^  

^  t  The  proportions;  indicated  in  this  alloy  having  ben  teod  by  tepl^raiB>  if 
i>  evident  that  the  tin  is  present  by  accident.  " 
J  ®jw®^nie8  a  small  quantity  ol  copper  is  added  to  these  ti^o  metals. 
H  The  previous  eombinatkin  eftlie  alloy  hi  Ibiuid  to'produce  ductile  goId« 
boa  tha  am  meiato  would  jprove  the  oontraiy  if  niM 
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•     Bells  of  Mantel  Clocks.   Cop.  750,  Tin  250. 
•*     Pivots  of  Artificial  Teeth.  Plat.  Sil.  proportions  unc. 
**        Do.*  do.       and  Philosophical  Instruments. 

Pallad.  500,  Sil.  500. 
SprinjB  of  ArUficial  Teeth.!  Pallad.  313.5,  Sil.  318,5, 
Cop.  313.5,  Iron,  63.5^- 
Solder  for  Gold  of 750,  or  18  cants.  Gold  of 750, 656.7,  Cop.  166«6, 
Sil.  IGG.6. 

.  .«*      Silver  of  750.  Sil.  666|,  Brass  333i.  / 
Brass.   Cop.  500,  Zinc  500. 
"       Lead.  Lead  666|,  Tin  3.33|. 
Amalgam  of  Gold  for  Gilding  on  Metal.    Mer.  900,  Gold,  100« 
"      of  Silver.    Mer.  850,  Sil.  150. 

^      for  taking  impressions  of  Seals.:):    Cop.  and  Mer.  unc. 

for  Silvering  Mirrors.   Tin  700,  Mer.  300. 

for  SiWering  Globes  of  Glass.   Mer.  800,  Bism.  900. 
^     for  the  CoshioDs  of  Eleotrieal  MacMnes.    Mer.  500« 
Tin  850,  Zinc  350. 

♦  This  alloy  is  extremely  important ;  i^  is  used  for  all  those  purposes  in 
the  fabrication  of  philosophical  instrumenfs,  for  which  platinum  was  for- 
inerly  applied,  being  superior  to  it  in  hanlnsM  and  coloar,andyetinoiida- 
ble  under  all  the  usual  circiimvfnnces. 

t  This  is  an  extremely  uaeful  alloy,  having  a  decree  of  elasticity  only 
exceeded  by  steel,  with  all  the  advantages  of  superior  lightness  and  haro* 
ness  over  platinum ;  th»,  and  the  preoMing,  are  due  to  Mr.  Percival  N« 
Johnson,  of  London. 

t  This  amalgam  is  hard,  and  melts  at  a  low  heat;  it  was  used  by  the 
French  police,  under  the  administration  of  the  celebrated  Fouche,  for  the 
purpose  of  opening  and  rsMNding  the  ietten  that  paaed  thrangh  their  hsaAfc 


«  Works  tn  iht  Deparimmt  ofMUaUurgy,  ^ 

Gray's  Operative  Chemist,  article,  metak* 

Library  of  Useful  Knowledge,  TreaHu  m  Miimu/aeimre  of  Iran* 

Lardner  on  Manufactures  of  Iron. 
Bigelow's  Technology,  p.  384.  et  seq, 
Bakewell's  Introduction  to  Geology. 

Ure^s  Chemical  Dictionary,  various  articles  on  Ores  apd  the 
particular  metals.  «  * 

Parke's  Chemical  Essays.   3  Yols.  8vo. 
Journal  of  the  Fmnklln  Institnta* 
Metallurne  Pratiqae.      - '       .  ^ 
Dnmas  Tnitt  de  Chimie  appliqae  anx  Arts. 
Karsten  on  the  Manufaetnie  of  Iron,  (French  edition*) 
Annale^^  Mines, /MWftni.  % 
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BHNERALOGY. 

Object  of  this  science  is  to  describe  the  general  compo- 
sition, chsraoters,  varieties,  forms,  and  combinations  of  mineral 
bodies.)  A  mineral  may  be  described  as  a  substance  destitute  of 
or^nization  and  vitality,  foand  on  the  surface  of  the  earih,  or  im* 
bedded  at  various  depths  beneath  it,  in  veins  or  strata,  wliich  are 
worked  for  the  extraction  of  such  substances,  by  pxcavdtions, 
called  mines.  rMineralogy  maybe  distinguished  from  chemistry, 
as  relating  to  tne  forms  and  properties  of  certain  bodies  as  they 
are  presented  to  us  by  nature ;  while  the  latter  science  instructs 
us  how  to  procure  a  multitude  of  artificial  products,  derived  alike 
from  the  aniv^,  TegetsblCf  and  mineral  kingdoms,  and  to  explore 
their  properties,  es^tally  as  it  respects  their  modes  of  comoina- 
tion.)  Mineralogy  is  likewise  to  be  distlagoished  from  geology, 
with  wbich,  however,  it  is  intimately  connected.) 

2.  It  is  the  province  of  the  geologist  to  investigate  the  general 
stnicture  of  the  earth,  and  the  nature  and  arrangement  of  the 
great  masses  of  which  it  is  composed.  The  mineralogist,  on  the 
other  hand,  confutes  his  attention  to  individual  portions  of  unor-  , 
ganized  matter,  distinguished  by  peculiar  and  specific  characters.^ 
In  the  study  of  geology  it  is  of  the  utmost  importance  to  be  ena- 
bled 10  examine  the  objects  of  rasesrah,  tnaUu,-  and  to  ascertain 
their  relative  connexion  and  arrangement,  in  the  formation  of  rQc]ra« 
mountains,  plains,  subterraneous-  strata,  and,  in  general,  of  all 

'  the  great  masses,  the  assemblage  of  which  constitutes  Ibe  solid 
shell,  or  exterior  surface  of  the  terrestrial  srlobe.  The  nature  and 
properties  of  minerals  may  be  investigated  and  ascertained,  witl^ 
out  any  reference  to  the  situations  in  which  they  are  produced. 

3.  ffhus  connected  as  mineralogy  is  with  chemistry,  on  the  one 
hand,  and  with  geology  on  the  other,  it  displays  features  suffi- 
ciently distinct  from  those  of  either;  yet,  at  the  same  time,  the 
objects  of  these  sciences  so  far  correspond,  that  a  complete  know- 
ledge of  mineralogy  cannot  be  obtained  withont  a  mevioiis  ao» 
qnaintance  with  chemistiy^  nor  can  the  information  which  these 
sciraces  anited  affoid,  ralative  to  the  unorganized  productions  of 
natnra,  be  applied  to  a  more  exalted  purpose  than  that  of  aiding 
oar  leseaiches  concerning  geology**) 

What  18  the  object  of  the  science  of  mincraloffy  ? 
In  what  points  doen  this  science  differ  irom  chemistry  t 
How  is  it  dktin^uislwd  fiem  geology  ? 
How  is  unorganized  matter  regarded  by  the  mineralogist? 
Is  the  locality  of  a  mineral  of  any  importance  in  the  decision  of  its  cha- 
raetert   ^ 

*  The  necessity  ot  exact  mineralogical  knowledge  to  the  geologist  has 
^®ry  ju*tly  and  forcibly  expressed  by  Mr.  Aikin  in  tlUD trod uct ion 
tolm  Jlfotttto^^JISM^^  He  says  :^fie  absolute 

neoeanty  or  extroaM  accuracy  in  dkcfiminatinfirone  mciee  of  mineral 

m  886 
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^  Mineral  subataaeeft  may  he  diaoritntniited  from  eaeli  other  hj 
their  mode  of  orystalHzataon'  or  aggpregatton,  and  the  optical  pro* 
parties  depending  on  their  peculiar  forms ;  by  their  physical  charao* 
ters^  as  colour,  lustre,  transparrncy,  hardriess,  consistency,  density, 
or  specific  gravity;  as  also  in  some  cases  by  their  taste  or  odour, 
by  their  relations  to  elecUo-magnetismi  aad  i&naUy  by  their 
chemical  constitution.; 

5.  Any  or  all  of  these  various  qualities  and  affections  may 
be  taken  into  consideration  in  forming  elasdeal  arrangements 
of  bodies  belonging  to  the  mineral  kingdom  (Xf  nalore.  Henee 
a  diversity  of  systems  and  arrangements  have  been  eontrired 
by  various  mineral ogical  writers*  But  those  who  have  been 
engaged  in  such  theoretical  speculations,  have  sacoeeded 
indifferently  that  a  distinguished  professor  of  mineralofry,  in  his 
remarks  on  the  state  of  the  science  in  England,  says  : — *rrhe  value 
of  a  method  of  classification  seems  to  be  looked  upon  as  a  point 
not  worth  discussing; — any  one  method  is  considered  as  ^ood  or 
as  bad  as  any  other.  This  opinion,  indeed,  is  openly  maintained  by- 
some  of  our  best  mineralogists.;  Their  labours  have  been  em- 
ployed solely  and  exclusively  in  the  crystallographical  and  che- 
mical analysis  of  particular  species ;  land  I  am  not  aware  that  any 
attempt  has  been  made,  among  us,  to  establish  any  proposition  in- 
eluding  a  class  of  species  of  minerals,  with  the  exception  of  Sir 
David  Brewster's  optical  researches."* 

6^But  on  the  continent  of  Europe  the  case  is  widely  different; 
a  number  of  mineralogical  systems  having  been  published  of  late 
years  in  Germany,  France,  and  Sweden ;  some  of  them  founded 
on  the  chemical  constitution  of  mmerals,  some  on  their  crystallo- 
graphical or  other  physical  properties,  and  others  which  may  be 
called  mixed  systems  of  dassincation,  depending  on  a  combined 

In  how  many  diflerent  ways  nay  mmeiab  be  distinguiahed  from  eaoh 

other  ? 

Whence  has  arisen  me  diversity  of  systema  of  amni^emeat  hi  the  min- 
eral kingdom? 

On  what  characters  did  Brewster  attempt  to  form  the  Bpeeiea  of  mi- 
nerals ? 

On  what  beiii  have  die  writen  of  cootmental  Europe  finuided  their  di- 
▼itioni  of  the  aul^eotf 

ftom  another,  is  too  obvious  to  require  any  further  remark,  if  examples 
were  not  perpetually  preaenting  thenuelvas  of  persons  very  slenderly  pro- 
vided with  these  rudiments  of  the  scirncc,  who  yet  undertake  geological 
investigations,  and  with  a  poromptonness  gcnerully  in  proportion  to  their 
ignorance,  challenge  the  credit  of  new  discoveries,  or  call  in  question  the 
onervationa  of  their  predeoenoia.  It  kt  indeed,  Tery  true  that  geological 
speculations  are  as  facinating  to  the  student  as  the  discrimination  of 
specie?  is  generally  repulsive ;  yet  it  ought  to  be  borne  in  mind  that  as  all 
sound  scholarship  is  founded  upon  grammar,  so  all  sound  geology  depends 
primarily  on  a  familiar  accuaintanoe  with  the  diatinctive  characten  of 
simple  minerals."— Enryefqpii  MtttnpoL  Mued  mud  Applied  Saienctt,  vol* 

iv..  Mineralogy,  p.  4C5. 

*  Who  well  on  the  Hocent  Progress  and  Present  State  of  Mineralogy,  in 
Report  of  Britirii  Aiioeiation  Ibr  1888,  pp.  324, 38ft. 
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▼I«w  of  pl^iietl  and  ehemleal  eharacters.  (JIm  number,  variety* 
and  dlBCiepaocies  of  the  systema  of  mineralogy,  which  have  been 
recendy  proposed,  abundantly  evince  the  difficulties  that  attend  the 
subject :  and  though  we  should  not  be  inclined  to  admit  thai  all 
methods  are  alike  in  point  of  value,  yet,  it  must  at  least  he  ac-. 
knowledtTed,  that  various  modes  of  arrangement  might  be  pointed 
out,  the  advantages  and  disadvantages  of  which  would  so  nearly 
correspond,  that  it  would  be  difficult,  if  not  impossible,  to  decide 
which  had  the  superiority. 

7.  Bat  whatever  kind  of  anaoBemant  migbt  be  adonted,  atten- 
tion ranat  neeeaaarily  be  paid  both  to  physical  and  ebeniical 
aharacters,  in  arranging  and  describing  the  different  genera  and 
species  into  which  miaenl  bodies  may  be  distributed.  Crystallo- 
graphical  properties  are  among  those  characteristics  of  minerals 
which  are  of  the  highest  importance ;  for  though  some  bodies 
belonging  to  the  mineral  kingdom  exhibit  no  traces  of  crystal- 
lization, yet  they  are  comparatively  few  and  inconsiderable; 
hence  the  study  of  crystallography  is  necessarily  connected  with 
that  of  mineralogy,  and  the  subiect  is  in  roan^  respects  so  ImpotI* 
ant,  as  to  lendsr  it  deserving  or  espeotal  consideration ;  tlmefoiet 
in  addition  to  the  remarks  on  crystalline  forms  which  may  occur 
in  the  notices  of  tiie  several  kinds  of  minerals,  some  farther  ob- 
servations on  crystallography  will  be  added  to  the  latter  part  of 
this  treatise. 

8.  'i'he  physical  characters  of  minerals  require  a  few  prelimi- 
nary remarks.  I  Co/our  is  one  of  those  properties  of  mineral 
bodies,  which,  though  frequently  serviceable  in  distinguishing 
them  from  each  other,  is  by  no  means  constant  J  for  though  there 
are  some  minerals  which  always  exhibit  the  same  tints,  there  are 
others  which  display  the  utmost  diversity ;  so  that  specimens 
having  an  apparent  identiqr  of  chemical  constitation,  ana,  in  most 
respects,  or  physical  character,  will  yet  be  found  of  very  dif- 
ferent colours.  This  is  especially  the  case  *with  those  mineral 
bodies  which  are  considered  as  precious  stones,  and  wtien  cut  and 
polished,  used  as  ornaments. 

9.  ^Thu8  the  gem  called  the  sapphire,  sometimes  exhibits  its 
characteristic  sapphirine,  or  blue  colour,  and  is  likewise  found 
purple,  red,  green,  yellow,  gray,  and  white,  or  perfectly  transpa- 
rent. Topazes  are  found  yellow,  pale  blue,  green,  transparent  or 
eolonrless,  and  sometimes  of  a  fine  red.   Ciarnets  occur  not  onl  j 

^  red,  but  also  black  and  brown.  The  diamond  is  seldom  entirely 
flee  from  colour,  and  some  are  found  bine,  pink,  dark  brown,  or 
yellow.  Some  minerals,  as  the  opal,  exhibit  different  colours 
when  viewed  by  transmitted  light,  uom  those  which  appear  when 
seen  by  redbcted  light.  , 

What  two  characters  of  miners]*  must  neeesmrily  be  regarded  in  msking 

qrtttemutin  ormngements  ? 

What  degree  of  constancy  is  ibund  in  the  colours  of  minerals  \ 
What  exanplet  of  divetMty  in  colour  can  be  cited  ? 


I 
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10.  Vet  notwithstanding  these  anomalous  phenomena,  the 
colour  may  frequently  be  employed  as  a  discriminatingr  charao 
teiistic  of  ndneral  bodies;  for  though,  when  coiisiderea  alone, 
it  might  afford  no  certain  indieation  of  Ae  nataie  of  a  mineral, 
JTOty  taken  in  conjunction  with  other  characters,  it  will  be  found 

^'tvequently  usefal,  as  enabling  nn  to  describe  and  distinguish 
•  mineral  substances.'^ 

11.  {Lustr€  is  one  of  the  external  characters  of  mineralH,  which 
is  of  considerable  imporiauce.  The  principal  kinds  of  lustre  are 
the  adamantine,  the  vitreous,  the  oily,  the  resinous,  the  fatty,  the 
pearly,  and  the  metallic ;  to  which  may  be  added  the  semi-metal- 
lic. The  metallic  lustre  is  peculiar  to  certain  metallic  ores,  and  is 
always  accompanied  by  opacity ;  and  the  semlnnetaille  charac* 
terizes  mrlons  earthy  as  well  as  metallilerons  minersls*! 

12.  /Mineral  substances  also  differ  in  the  degree  as  well  as  the 
kind  of  Instie  which  they  display.  Thus  the  highest  defrree  of 
brilliancy  is  termed  splendid,  whence  we  descend  througrh  the  va- 
rious grades  of  shining,  glistening,  and  glimmering,  till  we  arrive 
at  that  which  is  called  dull,  to  be  observed  in  most  of  those 
minerals  the  fracture  of  which  is  earthy.  This  characteristic  may 
also  be  further  modified,  and  terms  employed  to  denote  interme- 
diate degrees  of  lustre.  Thus  it  may  be  stated  that  the  lustie  of 
a  mineru  is  stronjrly  or  Iktntly  glimmering,  passing  into  distenin|^ 
but  snch  distinctions  are  scarcely  necessary,  except  in  describiog 
newly  discoTcred  substances.  1 

13.  'I The  different  kinds  of  lustre  undoubtedly  depend  upon 
optical  differences  in  the  surfaces,  which  differences  have  not  as 
yet  been  clearly  explained^  Professor  Breithaiipt  is  in  the  habit 
of  showinfT,  hy  the  superposition  of  a  number  of  watch-glasses, 
that  the  pearly  lustre  results  from  the  lamellar  structure  of  a 
transparent  mass.  The  very  curious  difference  between  the  opti- 
cal properties  of  the  surfaces  of  metals,  and  of  transparent  bodies, 
has  been  traced  on  different  loads,  by  Sir  DsTid  Brewster  and.  by 
Professor  Airyt  end  both  agree  in  conttderin?  the  optical  properties 
of  the  diamond  as  intermediate  between  me  transparent  and  the 
met^Vic  character^  tfiough  they  do  not  agree  in  their  representa- 
tion of  the  peculiar  laws  which  the  diamond  discloses,  i^hen  the 
connexion  of  these  properties  with  those  of  other  bodies  is  clearly 
made  out,  we  shall  probably  learn  more  distinctly  than  we  now 
can,  what  is  the  precise  distinction  of  metallici  adamantine^  and 
vitreous  lustre."* 

14.  Transparence/  is  a  property  which  does  not  belong  to  all 

What  dependence  for  colour  is  found  nOHBg  muMfak  on  the  direction 
of  the  light  by  which  they  are  viewed  ? 

What  clflasification  may  be  formed  on  Uie  gnmnd  of  the  Iiicfre  of  mine- 
ral  substances  ? 

What  property  is  found  connpotnd  with  metallic  lustre? 

How  man^  diviaions  may  we  form  on  the  degree  of  brilliancy  f 

To  what »  the  diilbrenoe  in  Itwtre  piobebly  aeeribalde  f 

*  Whewell  on  Miaeralugy,  in  Rep.  of  Brit.  Amoc.  for  1838»  p.  387. 
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minerals,  and  in  those  which  possess  it,  it  exists  in  different  da» 
grees.  ^Some  minerals  are  semi-tranBparent,  ai  eomeliaiiv  and 
oertalo^nds  of  obsidian ;  otiiera  ai6  merely  tranelneeiity  or  but 
little  removed  from  opacity.  A  few  mineiale  whioh  sppeer 
opaque,  when  examinea  in  the  air,  become  more  or  lees  transpa- 
lent  if  immersed  in  water.   Tiiis  istbe  ease  with  a  sort  of  opal, 

hence  railed  hy(1ro])hane.\ 

15.  lllardness  is  very  important,  because  it  is  a  very  constant  pro- 
perty in  most  simple  minerals.  Professor  Mohs,  of  Vienna,  has 
formed  a  scale  of  numbers  to  indicate  the  decree  of  this  property 
respectively  belonging  to  any  mineral.  In  this  scale  the  hardness 
of  common  talc  is  1 ,  of  gypsum  3,  of  ealcspar  3,  of  flnor  spar 
4,  of  apatite,  or  asparagus  stone  5,  of  feldspar  6,  <^qoartx  7,  of 
topaz    of  cornndnm  9,  and  of  diamond  10.  ) 

16X2rhe  hardness  of  a  mineral  may  be  ascertained  by  trying 
whether  it  will  seratch  another,  the  relative  hardness  of  which 
is  previously  known."^  Hence,  aceordinp;^  to  the  preceding  srale, 
supposing  the  hardness  of  a  mineral  to  be  indicated  by  5^,  it  must 
be  inferred  that  it  is  intermediate  between  5  and  6,  and  therefore 
that  it  would  scratch  apatite,  and  be  scratched  by  feldspar.  Pro- 
fessor Breithaupt,  of  Freyber^,  has  extended  the  numerical  scale 
of  Mohs  from  10^  to  12°,  by  introducing  mica  between  gypsum 
and  ealcspar,  and  sodalite  between  apatite  and  feldspar,  as  wter- 
mediate  degrees ;  and  it  is  obvioas  that,  if  it  were  thought  deair- 
able,  fiirther  distincticma  might  be  made,  and  the  scale  mig^  be 
enlarged.* 

17.  It  is  an  observation  of  some  importance  with  respect  to  the 
hardness  of  several  minerals,  that  it  appears  lobe  different  in  dif- 
ferent parts,  and  even  in  different  directions.  Thus  the  edges  and 
solid  angles  of  crystals  seem  to  be  harder  than  their  faces; 
and  in  the  diamond,  serviceable  cutting  points  can  only  be  obtain- 
ed from  natural  crystals.  The  diamond-cutters  distinguish  the 
angles  of  a  dodeeaedral  crystal  into  hard  and  soft  points,  the  for- 
mer consistinff  of  those  which  are  also  the  angles  of  the  primitive 
octaedron,  and  which  cannot  be  split  or  broken  off»  but  most  be 
ground  down  with  diamond  powder ;  while  the  low  triangular 
pyramidSf  which  form  the  other  points*  may  be  removed  by 
cleavag'e.  Kyanite  affords  an  example  of  a  mineral,  the  hardness 
of  which  will  differ  according  as  it  is  scratched^  along  or  across 
the  direction  of  its  axis. 

What  eflhct  on  the  traoBparency  of  certain  ninerak  ii  derived  from  fill- 
ing their  iM)rrs  with  water? 

What  substances  have  been  adopted  as  standards  of  hardness! 

How  is  the  hardness  of  an  unknown  mineral  to  be  tested  ? 

How  is  the  hardness  of  a  mineral  ibiiDd  to  vaiy  f 

What  distinction  is  formed  by  diamond  cattsM  in  regard  to  the  angles 
of  crystals  ? 

What  example  ol  diiferent  degrees  of  hardness,  depending  on  direction 
tekoowiitoexiil? 

*  From^Ute  Greek 'Ydwp,  lootor.  and  ♦afi'w,  to  thow  light 
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18.  Comisiency  is  a  property  wliich  is  intimately  connected  with 
hardness,  but  of  a  more  general  nature.  A  substance  may  be  at  the 
Bame  time  very  hard  and  very  brittle,  or  it  may  be  extremely  soft, 
and  ml  the  same  time  toagh  or  lenaceous.  Thus  eudase  and  an- 
tiiophyllite  aie  haid  bodies,  but  easily  frangible,  or  broken  by  a 
blow;  wlule  asbeataa  or  amlaiiDiiiSy  which  are  yery  aoft  and 
flexible  minerals,  are  at  the  same  time  very  tenacious,  so  that 
fibres  Qf  these  aubBtanees  may  be  twisted  into  thieads,  and  woven 
to  make  cloth. 

19.  Density^  or  specific  gravity ^  is  one  of  the  properties  of  mineral 
bodies  deserving  of  attention,  as  furnishing  the  means  of  discrimi- 
nating them  from  each  other.  The  nature  of  this  property  of  matter 
with  regard  to  substances  in  general,  has  been  ampl^  noticed  in  the 
preceding  Tdmne  of  this  work,  in  which,  likewise,  the  modes 
of  aaeertatninff  the  specific  gravity  of  bodies,  has  been  described 
and  illustrated** 

20.  Much  attention  has  been  paid  to  specific  grayity,  as  a  cha- 
racteristic property  of  minerals,  by  Professors  Mohs  and  Brei- 
thaupt,  who  have  determined  most  minutely  the  value  of  this  ele- 
ment for  very  extensive  series  of  minerals.  Beudant  has  discovered 
that  large  crystals,  and  especially  bacillary  masses,  are  inferior 
in  specific  gravity  to  small  crystals  ;  and  he  therefore  recommends 
the  pulverization  of  minerals  previously  to  trials  of  their  specific 
gravity,  in  order  to  obviate  the  nncertamty  that  might  uise  firora 
9iese  difierenees  in  the  mode  of  aggreflration.  Magnns  found  diat 
garnet  and  simUar  minerals,  when  melted,  and  again  solidified  in 
a  glassy  bat  uncrystalline  state,  have  their  density  diminished  by 
the  operation ;  the  Greenland  garnet,  for  instance,  when  tiius 
treated,  had  its  specific  gravity  reduced  from  3.9  to  3.05.f 

21.  Taste  Gr/?rf  o^owr  are  sensible  qualities  of  minerals,  which 
cannot  be  very  extensively  applied  to  practical  purposes.  /Taste 
is  chiefly  confined  to  saline  minerals,  and  is  sufficiently  obvious  in 
most  cases  where  it  exists,  as  in  rock-salt,  (chloride  of  sodium,) 
and  alnro,  (sulphate  of  alnmine^  Some  mtnerals  are  distingnished 
by  a  peculiarly  disagreeable  smell,  as  is  the  case  with  apoitiealar 
kind  of  limestone,  which  is  hence  called  swinestone,  or  fetid 
limestone. 

22.  ij^ectro-magneiism^  or  elecfricity,  manifests  its  influence  in 
'some  minerals,  by  the  production  of  a  phosphorescent  light,  when 
they  are  subjected  to  collision  or  friction ;  and  others,  by  friction  or 

How  may  minerals  be  distinguished  in  reference  to  conMuOencuf 

On  what  ia  the  diflbranee  in  the  ipeeific  gmvity  ef  nunend  subrtances 

of  the  same  species  sometimes  found  to  depend  ? 

What  classes  of  minerals  are  possessed  of  laste? 

How  does  ihe  possession  of  electrical  properties  by  a  mineral  become 
apparMiit 


*  Scientific  Class  Book,  pt,  i.  p.  151. 

t  Wheweli  on  Mineralogy,  in  Rep.  of  Brit.  Aaaoc.  for        p.  326. 
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tiie  application  of  ho«t«  may  he  made  to  attiact  light  bodiea,  in  the 
■ame  manner  ae  exeited  glasa  or  aeaUng  wax.*  J 

S3*  There  are  many  terms  denottng  piopertMiB  or  appearances 

of  mineral  bodies  which  are  of  frequent  occurrence  m  treating 
concerning  them,  and  may  therefore  be  briefly  explained.  ^JMinerals 
are  said  to  be  adhesive  when  the  newly  fractured  surface  a^eres  it 
applied  to  the  tongue,  as  is  the  case  with  slate.])  ^hose  which 
may  be  divided  into  thin  plates  are  termed  lamellar  minerals.  *) 
/^Crystals,  the  length  of  which  greatly  exceeds  their  other  dimea- 
^aiona,  are  called  mMt/^ory  crystal8Jand(jv)ien  they  are  yery  much 
attennatedt  they  are  termed  eojnnxryAandViCtbey  diverge  from  a 
oommon  centrOf  »eopeform  fibres^  ^^f^wol'^  globular  bodiea  are 
Btyled  Twduki^  or  nodular  masM^^od  those  whicii  have  no  aym- 

metrical  form,  are  called  amorphnus.^  Specular  means  smooth, 
shining,  mirror-like;  tabular^  approaching  to  flatoeaai  aad  vMicu* 
/or,  sponge-like,  or  full  of  holes  or  vesicles. 

24.  Mmerals  are  properly  definite  compounds,  in  various  states 
of  complication,  of  those  elementary  bodies  with  w^hich  chemis- 
try has  made  as  acquainted,  except  in  a  few  instances ;  some 
bodies,  as  gold  and  carboo*  being  presented  to  aa  by  nature  in  a 
pare  and  uncombined  form.  Among  compound  mineru bodiea  there 
are  some«  however,  which  appear  to  be  simply  aggregated,  or  to 
consist  merely  of  mingled  masses,  while  by  far  the  greater  number 
are  chemical  compounds.  When  minerals  are  simply  aggre^ted, 
as  for  instance,  when  gold  is  found  in  limestone,  the  separation  of 
the  metal  may  be  effected  by  the  mechanical  operations  of  pound- 
ing and  washing  ;  but  in  the  case  of  chemical  compounds,  as 
sulphur  and  copper,  ^copper  pyrites,)  or  oxide  of  tin,  called  wood 
tin,  the  separation  or  the  metal  from  the  sulphor  in  the  first  case, 
and  from  the  oxygen  in  the  second,  can  onlv  be  effected  by 
diemical  processes,  the  nature  of  which  has  Deen  already  de« 
scribed  in  the  Treatise  on  Metallurgy. 

What  is  mcnnl  by  the  term  adhesive  as  aisled  tO  mUMialst 
What  minerals  are  called  lamellar  ? 
How  are  the  terms  haciUary  and  capillary  applied  ? 
What  ones  aie  called  tcopefarm  mmeials  f 

How  are  the  terau  noavur  and  tmorpkmu  diatingoiahed  from  each 

other?  * 
I^w  are  ttpecular,  iahular^  and  vesicular  used  in  mineralogy  ? 
How  may  aimple  aggregates  be  aepaiated  f 

*  The  effect  of  heat  and  friction  in  exciting  phosphorescence  or  electric 
liffht,  has  been  noticed  in  the  Scientific  Claai  Book,  pt  i.  pp.  337,  338b, 
The  development  of  electric  attraction  by  heat  or  friction,  has  been  ob- 
served and  made  the  subject  of  experiments  by  Haiiy,  and  other  mineralo- 
gists. The  electric  property  of  the  tourmaline  long  since  attracted  atten- 
tiont  and  among  the  minerals  capaUe  in  some  degree  of  similar  excitation, 
may  be  mentioned  boracite,  topaz,  axinite,  mesoiype,  prehnite,  calamine, 
aaa  spbene  or  titanite.  Seis  JEncjidop,  Meirop.,  Mixed  Sciences,  vol.  ii 
Ekdrieity,  pp.  181—134. 
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$15*  Amon^  the  nltiiaate  ot  eooBtitaeiit  elemeoto  of  mineialt 
may  be  meiitioiied« 


Oxygen 

Hydrogen 

Chlorine 

Nitrogen 

Sulphur 

Selenium 

Carbon 

Phoephoras 

Water 

Glucine 

Yttria 


Postaah 

Soda 

Lithia 

Barytcs 

Strontia 

Lime  . 

Bfagneaia 

Almnine 

Zicron 

Thorina 

Ammonia 


n 

Carbonic  Acid 
Pbosphorie  A* 

Fluoric  A. 
Sulphuric  A* 
Muriatic  A. 
Nitric  A. 
Boracic  A. 
Tongstic  A. 
Chromio  A. 
Molybclic  A» 
TeUoTlc  A. 
Arsenic  A. 
Titanic  A. 
Columbic  A. 
Antimonic  A. 
Vanadic  A. 
Silicic  A. 
Soeeinie  A. 
MelUtteA. 


MetaU, 

Platina 

Gold 

Silver 

Mercii  ry 

Palladium 

Rhodium 

Iridium 

Osmium 

Copper 

Nickel 

Iron 

Tin 

Zinc 

Cadmium 

Tungsten 

Bismuth 

Cobalt 

Manffanese 

Molybdena 

Uranium 

Cerium 

Antimony 

Chromium 

Columbium 

Arsenic 

Titanium 

Tellurium 

Vanadium. 


What  are  among  the  non-metallic  elements  found  la  mineraltlL 
Which  of  ihc  ariils  exist  in  the  mineral  kingdom  ? 
How  many  metals  belong  to  this  department  of  nature  ? 
Into  bov^  many  classes  did  nUneialogists  ibnnoily  divide  tbe  rabstancee 
treated  of  in  this  tdencet  ♦ 
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Classification  of  Minerals, 

S5.  earlier  systematic  writers  on  mineralogy  in  general 
arranged  mineral  substances  in  four  classes,  namely,  earths,  salts, 

bitumens,  and  metals ;  subdividing  these  into  orders  depending  on 
their  textures  or  other  physical  properties.  Such  systems  were 
superseded  in  Germany  by  that  of  Werner,  founded  on  the  joint 
consideration  of  chemical  and  external  characters ;  and  the  ar- 
rangement of  that  distinguished  philosopher  was,  with  some 
modifications,  for  a  long  time  srenerally  adopted  by  mineralo^sts 
in  other  countries.  Werner  and  nis  followers  employed  the  division 
of  elasses  above  stated,  only  snbstitating  the  term  infiammabfei 
or  combustibles  for  that  of  bitumens ;  bat  the  sections  or  sabdi- 
▼isions  were  variously  altered  and  improved .)  (rLFnoee  asystani 
was  proposed  by  Haiiy,  founded  on  crystallization,  as  the  most 
distinguishing  character  of  minerals.  He  defined  a  mineral  spe- 
cies to  consist  of  individual  bodies  similar  in  their  composition, 
and  with  crystalline  forms  also  8imilar)(Some  minerals,  however, 
are  not  crystallized,  and  such  he  di»nbuted  according  to  their 
chemical  composition.  The  definition  which  seems  to  be  recoff- 
nised  in  the  crystaUometrical  school  of  more  modem  times  is,  tie 
same  primary  firm  the  same  fundamental  angles  of  ekavage^ 
combined  with  an  approximate  iMoUty  of  thmseai  and  pkifskai 
eharacters,^^*) 

27.  Both  the  system  of  Haiiy  and  the  more  modem  doctrine  are 
founded  on  a  presumed  relation  between  chemical  composition  and 
crystalline  form,  examples  of  which  are  too  numerous  to  admit  ot 
the  least  question,  but  concerning  the  nature  and  extent  of  the 
relation  we  are  not  yet  qualitied  by  any  means  to  decide ;  and 
hence  arises  a  manifest  source  of  impermetion  and  disevqrancjr  in 
the  mineralogical  arrangements  derived  from  it.  Observaliona 
that  have  been  made  of  we  analogy  of  form  between  bodies  vary- 
ing in  composition,  led  to  the  assumption  of  the  principle  of  iso- 
morphism, Of  plesiomorphism ;  which,  as  being  connected  with 
cr}'stallization,  will  be  further  noticed  in  treating  of  that  subject. 

28.  Professor  Berzelius  has  constructed  an  arrangement  of  mi- 
neral bodies,  founded  on  their  relative  electro-positive  and  electro- 
negative properties.  This  system,  since  it  was  first  proposed  in 
181G,  has  been  considerably  modified,  especially  in  consequence 
of  the  discoveries  that  have  been  made  relative  to  isomoiphtsm ; 
and  though  still  necessarily  imperfect,  it  may  be  regaidea  as  the 

What  was  the  basis  of  Werner's  divitionsi 

How  did  Haiiy  form  his  classps? 

How  did  he  claasify  uncrystaliized  substances  t 

How  many  distinct  characters  are  embraced  fn  Ae  medeni  defiDftkm 

of  crystals  ? 

What  characten  has  Prod  Berzelius  made  the  foundation  of  his  S3'stcni  ? 


*  Wiicwcli  on  Mineralogy,  in  Rej>.  of  Brit.  Association  for  1632,  p.  350. 
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nearest  approximation  yet  obtained  towards  a  regular  and  consist- 
ent classification  of  mineral  substances. 

99.  *«The  Older  established  by  the  ebOro-ekemie^i  relation  of 
bodies  Is  supposed  to  be  generally  presemd  in  all  their  coiDbina> 
tions.  Thus,  if  A  be  deeinHugatwe  in  respect  of  B  and  of  C,  B 
will  generally  be  electro-negatiye  in  relation  to  C  ;  but  this  sp- 
ears not  to  be  universally  so;  and  sometimes  one  electro*negatire 
ody  is  found  combined  with  two  or  more  bases,  and  sometimes 
two  acids  are  combined  with  a  single  base.  If,  says  Berzelius, 
with  these  theoretic  notions  in  our  mind,  we  look  thronah  the  pro- 
ductions of  the  mineral  kingdom,  the  apparently  cojifusod  combi- 
UAlions  which  minerals  present  will  be  immediately  pervaded  by 
legolarity  and  order,  ^e  pereehre  an  extensiye  elass  of  minerals 
into  which  silex  enters  as  a  eonslitnent,  assuming  the  character 
of  salts,  either  simple,  double,  triple,  ^r  quadruple ;  and  with 
Tarious  excesses  of  the  add  or  l^ie  bate.  J 

30.  Un  the  same  mnnner  we  perreive  the  oxides  of  titanium,  of 
tellurium,  and  of  other  metals,  performing  the  functions  of  acids, 
and  thus  reducing-  the  whole  series  of  minerals  to  one  uniform 
system  of  classification  p  and  the  doctrine  of  definite  proportions 
introduced  within  a  few  years  into  chemistry,  might,  if  we  could 
fnllj  avafl  onrselires  of  its  aid,  be  said  to  confer  on  this  system 
of  mineraloncal  elassifioatton  a  degree  of  almpst  mathematical 
predsioB.  But  in  consequence  of  the  difficulty  of  ascertainittff 
the  proportions  of  the  actual  ingredients  of  minerals^  and  the  still 
greater  difficulty  of  distinguishing  those  which  are  essentia]  to  the 
species  analyzed,  we  nrp  not  yet  enabled  to  confer  on  a  chemical 
classification  all  the  advantages  offered  by  the  improved  doctrines 
of  chemistry."* 

31.  Professor  Whew  ell  has  remarked  that  though  we  do  not  at 
present  possess  any  system  of  arrangement  on  strictly  chemical 
principles,  bringing  together  in  all  cases,  the  substances  which 
most  resemble  each  other  in  external  properties,  yet  the  arrange- 
ments recently  proposed  by  Berzelius  and  others,  may  be  regarded 
as  approaching  to  such  a  perfect  system,  whether  they  be  founded 
upon  external  characters  or  on  chemical  principles.  **Hie  new 
system  of  Berzelius,  or  that  of  Beudant,  or  indeed  any  of  the 
new  chemical  systems,  would  produce  a  grouping  of  substances 
which  would  at  once  be  recognised  as  far  more  natural  than  that 
of  Haiiy  or  Phillips.  The  last  system  of  Berzelius  has  been 
adopted  in  the  arrangement  of  the  minerals  of  the  British  Museum.'* 

32.  The  ensuino^  descriptive  notices  of  the  principal  minerals  is 
arranged  oo  the  electro^hemii^  dassifieation  or  system  of  Ber- 
selius, 

Whst  eharaeler  have  the  mineral  tubsfancfls  into  which  tflez  enten  as 

a  Cfinslituent  principle  ? 

What  function  do  the  oxides  of  titanium  and  tellurium  perform  ? 


*  £ncycl.  Metrop. — Mixed  Sciences,  vol.  iv.,  MineralogVi  p.  468. 
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Table  0/  Mineral  Classes, 

I A  El'ectro-poMtive  metals  «nd  their  alloy  a. 

JSlectro-nporative  bodies  and  their  CQoibuiatioiia. 
Carbon  and  carburets. 
Selenion  and  seleniurets. 
Sulphur  and  sulphurets. 
(3.)  Oxides  of  electro-positive  metals. 
(4.)  Oxides  of  electro-negatiye  bodies  and  their  combinations. 
Almnina  and  alaminates. 
Stlieie  acid  and  silicates. 

a.  Silioalee  with  simple  hsses. 

b.  Silicates  with  compomid  bases* 
Titanic  acid  and  titanates. 

Columbic  acid  and  columbates. 

Antimonic  acid  and  antinioniates. 

Scheelic  acid  and  scheelates,  or  tnngatates^ 

Molybdic  acid  and  molybdates. 

Chromic  acid  and  chromates. 

Vaiiadie  aeid  and  mnadiates* 

Borade  add  and  borates. 

Carbonic  acid  and  carbosaCes. 

Arsenius  aeid  and  arseniates. 

Phosphoric  acid  and  phosphates. 

Nitric  acid  and  nitrates. 

Sulphuric  acid  and  sulphates. 
(5.)  Fluorides  and  fluates. 
(6.)  Chlorides. 

(7.)  Organico-chemical  bodies,  or  minerals  derived  from  or- 
ganised matter. 

Salts. 

Resins. 

Bitumens 

Coals. 

(1.)  Eleciro-pontive  Native  Meiab. 

33.  JhNt,  though  one  of  the  most  common  of  the  metallic  bodies* 
is  not  often  found  in  the  native  statd^n  conseqoeaee  of  the  power* 
fol  tendency  which  it  possesses  to  combine  with  oxygen,  sulphur, 
and  other  substances.  Most  of  the  existing  specimens  of  native 
iron  are  supposed  to  have  derived  their  origin  from  meteoric 
atooes  i  though  this  metal  is  said  to  have  occurred  in  the  state  of 

What  it  the  first  daei  of  aunenl  mhvlaiiees  aocotdinp  to  Bmeliui  t 

What  is  the  second  ? 

How  many  subdivisions  are  comprehended  under  the  second  <;lasit 

What  is  the  third  class  ?   What  the  fourth  ? 

Wliat  subdivisions  belong  to  this  class? 

What  is  the  fifth  class?    What  is  the  sixth  ? 

How  many  subdivisions  are  found  under  the  seventh  ? 

Why  if  not  inm  tnmd  pave  in  iia  nadTO  staia  t 
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pure  iron  ore,  massive,  and  in  leaves  ot  a  gray  colour,  liaving  a 
fracture  like  that  of  steel,  and  some  degree  of  malleability.'  Some 
notice  of  meteoric  stones  will  be  found  in  another  part  of  this 
yolume;  but  besides  those  masses  of  ferruginoiis  mattert  nn- 
doubtedly  of  aerial  origin,  large  blocks  of  iron.  Id  which  the  metal 
exists  in  various  degrees  of  parity,  have  been  discoveied  in  di^ 
feient  parts  of  the  world. 

34.  Among  these  blocks  of  iron  maybe  mentioned  one  found 
at  Ellenbog-en,  in  Bohemia;  the  large  mass  discovered  by  Profes- 
sor Pallas,  on  the  top  of  a  hill,  between  Abakansk  and  Belskoi 
Ostrog,  on  the  the  banks  of  the  Jenesei,  in  Siberia,  which  ori- 
ginally weighed  about  1680  pounds;  a  mass  found  in  Southern 
Africa,  and  now  in  the  cabinet  of  Haarlem,  in  Holland,  weighing 
about  S50  pounds  ;  an  immense  mass  of  native  iron  from  Otampa, 
in  the  Gran  Ohaco  Goalamba,  in  South  America,  described  by 
Don  Rubin  de  Celis,  who  estimated  its  weight  at  fifteen  tons ;  a 
mass  of  iron  from  Alacama,  resembling  the  Siberian  iron ;  a  large 
mass  of  iron  preserved  at  Aix-la-Chapelle ;  two  large  blocks  on  a 
hill  in  the  country  of  the  Esquimaux,  near  Davis's  Straits,  pieces 
of  which  the  people  use  for  making  the  rude  blades  of  their  knives 
and  harpoons;  a  mass  of  iron  weighing  103  pounds,  found  in 
September,  1829,  near  the  castle  of  Bohumiltitz,  in  the  circle  of 
Prachin,  in  Bohemia;  and  one  found  recently  at  Magdeburg. 
Meteoric  stones,  feW  at  Weston,  Connecticut,  in  1807,  at  Long 
Branch,  N.  J.,  Aug.  15,  1829,  and  at  Munro,  Geo.,  May  8,  1829; 
of  these,  specimens  are  preserved  in  the  collection  of  the  Academy 
of  Natural  Sciences  of  Philadelphia.  Such  of  these  masses  as  have 
been  analyzed,  have  in  general  been  found  to  consist  principally 
of  iron  alloyed  with  nickel,  but  the  Magdeburg  block,  accordinff 
to  the  analysis  of  Professor  Stromeyer,  contains,  besides  iron  and 
nickel,  cobalt,  copper,  molybdena,  and  arsenic ;  and  the  Bohu- 
miltitz mass  appears  to  contain,  with  iron  and  nickel,  small 
quantities  of  plumbafiro  and  sulphur.  Native  iron,  not  meteoric, 
18  said  to  have  been  mund  about  1883,  in  the  town  of  Canaan,  in 
the  slate  of  Connecticut,  forming  a  thin  stratum,  or  Tein,  in  a  mass 
of  aikMb-slate.  It  was  nncqmbiaed  with  nickel,  and  quite  malleable. 

35»lNative  copper  is  usually 
^    found  unalloyed,  except  with 
^W.  sr^         A  k   small  portions  of  iron  and  goldh 
]  C  "  It  exhibits  a  great  variety  of 
beautiful  forms,  besides  those 
of  common  crystals.  Native 
copper  appears  of  a  brighter  or 
darker  colour,  as  it  is  more  or 
less  tanudied,  and  occurs  some- 
times in  considerable  masses. 


What  opinion  has  been  sdTanced  respecting  the  origin  of  mftwoa  of  as- 

five  iron  lound  on  the  surface  of  the  ffioimd  f 
fioumerate  the  localities  of  some  of  those  masses. 
What  other  ingredients  besides  iron  are  found  in  some  of  tliemi 
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one  of  which,  found  by  Mr.  Hearne,  in  the  country  round  Hudson's 
Bay,  is  described  by  that  geatleman  in  his  journal*  Lar^  masses 
€^  native  copper  also  occur  on  the  shores  of  Lake  Snpenor*  Some 
specimens  are  foliated,  some  branching,  others  in  the  forms  of 
oetaedral,  cubic,  prismatiCf  or  other  crystals ;  and  this  metal  some 
limes  displays  arborssceni,  and  someliines  iibrons  or  filiform  fig^ireSy 
as  represented  in  the  marjrin. 

36.  (J)ismuth  is  found  nativp,  massive,  disseminated,  anH  nrborea 
cent,  imbedded  in  jasper  or  oihi  r  mifierals.'  VVhpn  in  the  mai?sivf» 
state  its  fresli  fracture  usually  presents  chanf^t-ilile  colours  like 
some  silks,  or  the  plumage  of  a  pigeon^s  neck.y  jli  is  occasionally 
found  crystallized  in  octaedronSf  or  long,  double,  triedral  pvramids, 
and  tabulated ;  odtan  striatedt  Native  bismnth,  disseminated  as 
qnartz,  is  found  at  Lane^s  mine,  in  the  state  of  Conneeticnt* 

37.  The  existence  of  lend  in  the  native  State  is  somewhat  pro- 
blematical. CMr.  Hathkie  is  said  to  have  discoTered  it  in  the 
island  of  Madeira,  but  the  lead  thcrr  found  supposed  to  have 
been  of  volcanic  origin;  and  the  occurrence  of  native  lead  in  lava 
has  be^n  observed  elsewhere.? 

38.  Silver  is  found  more  frequently  pure,  or  in  the  state  of 
alloy,  than  most  other  metals;  but  it  is  most  plentiful  in  the  state 
of  native  silver.  \  The  metal  is  occasionally  found  in  immense 
masses ;  the  silvmulnes  of  Kongsberg,  Norway,  formerly  afforded 
specimens,  weighing  from  100  to  150  pounds ;  and  in  the  mine 

cai  lied  Nye  Forhaabning,  one  was  raised  560 
pounds  in  weight,  which  is  still  preserved  in  the 
royal  cabinet  at  Copenh?igen.)  ISpecimcns  of 
native  silver  exhibit  a  diver^ty  of  beautiful 
forms,  such  as  arborescp/it.  brauchina,  foliated, 
and  moss-like,  or  in  d(  li(  uLl*  curls  fike  cotton 
threads.  It  is  also  found  tooth-shaped,  wire- 
shaped,  and  sometimes  canaliculate  and  serrated . 
It  likewise  ocenrs  imbedded  in  calcaieous  spar, 
in  prisms  crossing  each  other  in  all  direc- 
tions. 

39.  Mereury  sometimes  occurs  native  in  globnlea,  disseminated  in 
coarse  sandstone,  and  other  substances.  Crystallized  cinnabar,  or 
snlpburet  of  mercury,  is  found  occasionally  sprinkled  with  globules 
of  metallic  mercury.  Native  amalgams  of  the  rnetal  with  silver 
occur  both  in  the  semifluid  and  solid  states.  The  hydrarguret  of 
silver  crystallizes  in  perfect  and  modified  rhombic  doUecaedrous 

In  what  state  is  native  copper  generally  found  ? 

In  what  condition  is  native  bismutii  found  t 

What  peculiarity  does  itn  colour  present t 

In  wliat  forms  does  it  crystallize  t 

In  what  localities  has  native  lead  been  discovered  t 

In  what  conditioo  is  silver  met  with  in  nature? 

What  romnrknHf^  flperirnnns  of  this  metal  have  been  obtained  t 

What  vorieiy  of  iorm  does  it  present  I 
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and  other  figures.  The  plastic  nature  of  this  amalgam  is  taken 
advantagfe  of  by  the  Mexieao  miners  to  mould  figures  and  oroaments 

of  this  substance. 

40.  Gold  is  found  either  in  a  state  of  purity,  or  alloyed  with  a 
few  other  metals,  and  gtuicrally  in  the  latter  state.    It  occurs  iu 
foliations  upon  quartz,  associated  with  other  substances ;  but  the 
great  hiilk  of  this  preoious  metal  in  circnlatlon,  is  principally  pro<»- 
cured  frodk  aUuTMil  strata,  where  it  is  met  with  in  massss  of 

Tsrious  sizes.  Pufe  gold  occurs  either  mas* 
sive,  in  detached  crystals,  as  grains  in  tlie 
state  of  gold  dust,  or  interspersed  in  brown 
irnnstonp,  in  qimrtz  with  needle  ore,  in  den- 
dritic or  arborescent  cryfitnl?^,  and  in  moss- 
like masses,  consisting  of  delicate  inter- 
woven fibres,  as  in  the  marginal  fio^ure.  In 
all  these  states  it  is  found  in  the  g^old 
^regions  of  Virginia,  North  and  South  uaio* 
lina,  and  Georgia.  The  idlogps  of  gold  are 
found  crystallized  ii^minute  cubes  and  ootaedrons,  variously  ag« 
greeated  in  nftieular  plates  and  other  forms. 

^urfferous  silver^  or  cfecfrttm,  is  an  alloy  of  a  jellowish*white 
colour,  containing  gnld  in  various  proportions. 

41.  Plaiina  occurs  in  small  grains,  very  heavy,  and  of  a  silvery- 
white  lustre.  These  grains  are  found  in  the  alluvial  strata.  With 
platina  are  iiitermixed  other  metallic  bodies,  as  the  alloy  of  iridium 
and  otmmm,  in  shining  foliated  grains.  Palladium  is  found  in 
delicate  scaly  grains,  of  a  leaa  colour,  alloyed  with  platina. 
Bhodium  is  a  white  metal,  which,  with  platina,  iridium}  iron,  &c., 
forms  a  hlack  alloy. 

EketrthNegatite  Metallic  and  Meiallotdal  SubUaneeSf  and  their 

Nm^Oxidized  CambinaHana, 

Teliui  lujn  and  Tellurets. 

12.  Native  tellurium  is  a  mineral  gene- 
rally of  a  white  colour,  with  a  met  illie  lus- 
tre,which  occurs  massive,  fine-grained,  and 
disseminated,  in  the  mines  of  Transylvania. 
Graphic  tellurium  occurs  of  a  grayish 
colour,  with  a  metallic  lustre,  sometimes 
tarnished,  exhibiting  delicate  tetraedrsl 
and  hezaedral  prisms,  aggregated  or  in- 
terwoven on  the  surfaces  of  other  minerals, 
BO  as  to  have  some  resemblance  to  Arabic 

What  18  the  most  common  state  of  native  gold  ? 
With  what  rock  it  it  chiefly  associated  ? 

In  what  soil  are  the  grains  and  fragments  of  gold  UweUy  met  Witht 
II»w  do  its  alloys  commonly  present  themselveB  ? 
In  what  state  does  platina  occur  ? 

In  what  situation  is  it  found  t  Wlwt  melali  usually  accompany  it  I, 
Under  what  difierent  appeamncefl  does  native  teUiirium  ooeur  r 
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or  Hebrew  ebarselefs.  This  mineral  contains  a  portion  of  gold,  as 
also  does  the  yellow  tellurium.    Black  tellurium  contains  lead. 

43.  Native  antimony  is  found  in  the  mines  of  Dauphine.  It  has 
a  white  colour  like  tin,  and  a  granular  and  foliated  fracture :  it 
occurs  massive,  rarely  distinctly  crystallized.  Antimonial  silver, 
or  stibiuret  of  silver,  is  found  in  the  Hartz  mountains,  of  a  bright 
white  colour,  massive,  and  crystallized  in  cubes  or  strit^ted.  Anti- 
mony is  also  found  alloyed  with  other  metals,  as  nickel  and  lead. 


44.  Native  arsenic  has  nearly  the  colour  of  tin,  but  soon  becomes 
tarnished.  It  exhibits  reniform  and  botryoidal  figures.  Arseniuret 
of  nickel,  commonlv  called  kupfer*Dickel,  or  copper  nickel,  has 
the  colour  of  tarmshed  copper.  Aisenimet  of  eobalt  eomprises 
the  mineral  called  gray  cooalt,  torn,  its  steel-gray  colour.  Arse- 
niuret of  bismuth  is  mud  in  gmsll  hrowniah  globules  at  Schnee- 
heif ,  in  Sazsny. 


65.  This  is  a  mineral  which  exhibits  a  great  dissfanflaritjr  of 
form  and  appearance  in  different  states  or  modes  of  aggregation. 
Scarcely  any  substances  can  be  more  unlike  in  their  external  cha- 
racters than  the  diamond  and  charcoal^  though  chemical  anal3rsm 
seems  to  demonstrate  a  perfect  analogy  of  composition.  Among 
the  minerals  which  are  considered  ns  varieties  of  pure  carbon  are 
diamond,  anthracite,  and  graphite,  or  plumbairo. 

46.  The  diamond  exhibits  several  crystalline  forms,  as  the 
primitive  regular  octaedron;  the  same  with  solid  angles  truncated; 
with  edges  truncated,  forming  the  passage  into  the  rhombic  dode- 
caedron;  varieties  of  the  latter,  giving  rise  to  the  hezaedral,  pris- 
matic and  tetraedral  forms ;  cubes  with  truncated  and  bevelled 


Tarious  colours;  some  having  a  brownish  or  greenish  tint,  others 
are  yellow,  and  there  are  blue,  pink,  rose-red,  and  dark  brown 
diamonds ;  but  the  latter  are  very  rare.  Diamonds  of  a  large  size 
are  of  very  unusual  occurrence.  Amon^  the  most  remarkable  may 
be  mentioned  the  large  diamond  in  the  imperial  sceptre  of  Russia, 
which  was  purchased  by  Catharine  II.  for  the  sum  of  1)0,000/. 
paid  down,  and  an  annuity  of  4,000/,  to  the  seller ;  its  w«ffht 
IS  193  caratSy  and  its  size  nearly  that  of  a  pigeon's  egg.  "Ais 
gem  is  considerably  exceeded  in  weight  and  dimensions  by  oi|e 
which  belongs  to  the  Rajah  of  Mattan,  in  the  island  of  BorneOt 
where  it  was  found  about  a  hundred  years  ago.  In  shape  it  re- 
sembles an  egrcr,  with  an  indentation  near  the  smaller  end.  It  is 
said  to  be  a  stone  of  the  finest  water :  its  weight  is  367  caratSi  or 

In  what  localitios  is  antimony  obtained? 

What  is  the  colour  oi'  native  arsenic  ? 

f  n  what  fmmat  does  carbon  occur  in  nature  7 

VVhnt  variotv  of  extemal  characters  is  foand  in  dio  diamond  ? 

What  remarkable  specinwas  of  this  mineral  have  been  fimndf 


Jtnmic  and  Jh'mdweU, 


Carbon  and  CmrhmtU^ 


exhibits 


Di 
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9  ounces,  169.87  grains  Troy.    A  Dutch  governor  of  Batanat 

wishing  to  purchase  this  diamond,  offered  to  the  rajah,  in  exchangre, 
150,000  dollars,  two  large  hrirr^  of  war,  with  their  guns  and  am- 
munition, together  with  other  jiieces  of  cannon,  and  a  quantity  of 
powder  and  shot;  but  the  rajah  refused  to  part  with  the  s^em,  to 
which  the  Malays  attributed  the  power  of  curing  di:9ea»es,  aud  the 
possession  of  other  mlraealous  properties. 

47*  Jintkraeiie^  or  koklenHende^  is  a  caibonseeoiis  mineral,  one 
variety  of  which  is  called  Kilkenny  coal.  Anthracite  has  a  semi- 
metallic  lustre,  and  a  conchoidal  fraetnre,  and  is  sometimes  slaty, 
and  occasionally  columnar.  It  burns  like  charcoal,  without  flame 
or  smoke;  whence  in  Scotland  it  is  called  blind  coal.  In  Penn- 
sylvania this  mineral  exists  in  a  great  vnriety  of  degrees  of  purity, 
from  that  which  has  98  per  cent,  of  carbon  to  that  which  passes 
almost  entirely  into  a  slaty  consistency ;  and  from  the  mavssive, 
lustrous,  compact,  jet  black  antiiracite  to  the  almost  perfect  bitu- 
xninous  coal,  of  the  imperfectly  cooYerted  lignite.  It  is  equally 
interesting  as  a  mineral  deposits  and  as  an  article  of  commerce, 
being,  when  pure,  unsurpassed  as  an  article  of  fael  whether  for 
domestic  or  manufactnring  purposes. 

Graphite^  or plumhn^o^  is  the  well-known  substance  commonly 
called  black-lead.  It  is  found  in  England,  Scotltinr!,  France, 
Spain,  Germany,  the  United  States,  and  other  countries;  but  that 
variety  which  is  most  useful  for  making  black-lead  pencils,  is 
procured  Iroiri  a  mine  ai  Borrowdale,  in  England.  It  is  said  to 
occur  in  lar^e,  roundish  masses,  imbedded  in  a  mountain  of  argil- 
laceous schistns,  traversed  by  yeins  of  quartz. 

Selenim  and  Seknivreiw, 

49.  Seliiiion  appears  to  be  a  substance  but  sparingly  distributed 
in  the  mineral  kingdom.  Among  its  compounds  may  be  noticed 
the  mineral  called  eukairitey  a  selmiuret  of  silver  and  copper  ;  the 
ddmiuretB  of  lead  and  copper y  which  are  tiie  prodocta  <tf  Swedish 
mines ;  and  the  combination  of  uknim  with  tu^kur^  occurring  in 
the  Toicanic  regions  of  Italy. 

50.  The  eukairite  is  exhibited  in  fhe 
annexed  figure. 

Besides  these  may  be  mentionrd,  the 
sekniuret  of  bismuth  and  frllnrinith,  that 
of  had  and  cobalt^  the  cuprif  runs  sele^ 
niuret  of  lead^  the  seleniuret  of  lead  and 
mercury,  and  tiie  Tioliie  and  cukbrife, 
which  are  seleniurets  of  zinc  with  sul- 
phur and  merouiy. 

What  value  has  brrn  attached  to  Thcso  specuttsmf 
What  are  the  characleristics  of  anihracite? 
What  is  the  common  name  giv«ja  lo  plumbago  ? 
What  is  the  chemical  compoittion  of  eukainie  f 
What  leleniureii  occur  in  nature  f 
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Sulphur  and  SulphureU, 

a»  Single  Sulphurets. 

51.  Native  sulphur  occurs  in  brds  of  gypsum  or  selenite,  sul- 
phate of  stronlian,  and  also,  though  more  rarely,  in  the  veins  of 
primitive  rorks.  It  is  found  in  the  mountains  of  South  America, 
m  the  Apeiiiimes  of  Piedmont,  in  the  glaciers  of  Mont  Blanc,  in 
Spain,  Hungary,  Poland,  and  Siberia.  Sulphur  occurs  crystal- 
lized, massive,  and  stalactitic.  It  appears  in  some  warm  springs 
in  snch  qnantitieB  as  to  form  a  deposit  when  the  water  is  cOoled 

in  contact  with  air.  This  mine- 
ral is  often  found  sublimed,  near 
the  craters  of  volcanoes,  as  in 
Italy,  Sicily,  and  South  America. 
Sulphur  crystallizes  in  acute  oc- 
laedfons,  the  common  base  of  the 
two  pyramids  being  a  rhomboid  : 
also  spongeous  and  granular,  and 
sometimes  forming  tufled  or 
branching  crystals.  (See  mar- 
ginal fig.) 

59.  The  metallic  snlphurets  are  numerous,  constituting  a  large 
proportion  of  the  ores  from  which  metals  are  obtained  for  economi- 
cal purposes. 

Sulphuret  of  manganese^  or  manganese  hle?ide,  is  found  at  Nag- 
yag,  in  Transylvania,  in  the  jumes  of  Cornwall,  and  in  Peru. 

Sulphuret  of  zinc^  or  blttnle^  is  usually  called  by  the  English 
miners  black  Jack.  The  colour  of  this  mineral  varies  ;  some 
specimens  being  yellow,  some  brown,  and  others  black.  I'he  first 
is  genmllj  the  most  pure,  the  others  containing  iron,  siHea  and 
water,  as  well  as  zinc  and  snlphur.  One  variety  of  blende  when 
scratched  gives  out  a  phosphoric  light.  ^  The  fibrous  blende  of 

Prabram,  in  Bohemia,  contains  cad- 
mium  ;  and  the  testaceous  or  scbaalen 
^^P^L^^j^  ^^^^^y'   blende,  Avhich  has  been  found  at  Gerold- 
4^^^^^^^     seek,  in  the  Brisgau,  is  a  sulphuret  of 
^^J^^^'^'^^^^^^      '^^^^  ^^^^  ^^^^         ^  portion  of  lead. 

This  mineral  occurs  massive,  and  in 
fe^^ll^^^^**  forms,  as  octaedrons,  tetiaedrons, 

^^S^^^^f  ^i"*^  dodecaedrons,  the  nrimitive  crvstal 

'^^"^^iJ^^  bein|r  a  rhomboidal  doaecaedron.  Some 

specimens  exhibit  spicular  crystals,  as 
in  the  marginal  figure.  Tne  black  blende  is  found  at  Westches- 
ter, Pennsylvania. 

In  what  situations  is  native  snlphur  found  t 

III  what  forms  do  its  native  masses  present  thenueWet f 

What  aro  Uie  ii^ures  ut  its  crystals  ? 

Vl^hat  name  is  gjven  in  Eneland  to  fhe  sulphuiet  of  sine  f 

Willi       other  metal  is  mis  sometimes  combined? 
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63.  Sulphuret  of  iron^  or  pyrites^  is  among  the  most  abundant 
mineral  products  in  various  parts  of  the  world.  Large  crystals 
of  this  substance  have  been  met  with  in  the  sepulchres  of  the 

Incas  of  Peru,  and  they 
are  supposed  to  have  been 
used  as  mirrors.  No- 
dules or  globular  masses 
are  sometimes  found  in 
chalk.  Its  primitive  form 
is  the  cube;  but  it  oc- 
curs variously  crystal- 
lized, as  in  the  annexed 
figure. 

54.  Radiated  pyrites  (a  variety  frequently  including  the  lenti- 
cular or  coxcomb,  and  the  globular  pyrites) 
is  very  liable  to  spontaneous  decomposi- 
tion and  inflammation,  sometimes  pro- 
ducing mischievous  consequences  in  mi- 
neralogical  cabinets.  Magnetic  pyrites 
occurs  massive,  foliated,  and  crystallized 
in  hexaedral  prisms.  Pyrites  exhibits  a 
metallic    appearance,  much  resembling 

brass  or  pinchbeck. 

55.  Sulphuret  of  cobalt  is  seldom  found  crystallized,  occurring 
massive  and  disseminated.  Its  colour  is  pale  Heel-gray  ;  when 
tarnished,  reddish  ;  and  it  yields  a  sulphureous  vapour  when 
heated.  The  mines  of  Tunaberg  and  Bastnaes,  in  Sweden,  afford 
cobalt  pyrites. 

56.  Sulphuret  of  nickel^  formerly  supposed  to  be  native  nickel, 
till  its  composition  was  ascertained  by  Arfvedson,  occurs  in  the 
capillary  form,  or  that  of  long,  wire-shaped  crystals,  of  a  brass- 
yellow  tint,  tarnished. 

57.  Sulphuret  of  copper  is  the 
most  common  ore  of  that  metal, 
including  some  varieties.  It  is  found 
in  several  forms  as  compact,  foliated 
or  crystallized,  the  primitive  form 
being  an  acute  octaedron,  with  a 
square  base.  (See  marginal  figure.) 
One  variety  is  the  malleable  copper 
ore,  peculiar  to  Siberia  :  the  colour 
said  to  be  a  shining  steel-gray. 

What  is  the  primitive  form  of  the  sulphuret  of  iron  ? 
For  what  purpose  does  the  lustre  of  this  substance  allow  it  to  be  used  ? 
Whot  occurs  when  radiated  pyrites  is  exposed  to  the  air? 
How  do  wc  find  sulphuret  of  cobalt  ? 
What  is  the  appearance  of  sulphuret  of  nickel? 
In  what  combination  does  copper  most  frequently  present  itself? 

Y 
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The  sulphurets,  called  yellow  copper  and  copper  pyrites,  contain 
much  iron,  as  well  as  copper  and  sulphur.  Varie^ted  or  peacock 
copper  ore,  which  is  of  this  kind,  exhibits  fine  iridescent  colours. 
Among  the  sulphurets  of  copper  may  be  reckoned  the  secondary 
foasils,  St  vied  Frankenberg  com-eare,  wMeh  are  fwmd  in  bitnmi- 
noQS  marl-aiatey  at  Frankenberg,  in  Hesse;  and  are  chiefly  com- 
posed of  Titreous  and  gray  copper.  Tennantite,  found  in  copper 
mines  near  Redruth,  in  Cornwall,  appears  to  differ  from  grey 
copper  0109  in  containing  more  snlphor  and  less  iron,  and  in  p08> 
sessing  greater  hardness. 

58.  SuIpJiuret  of  IcaH,  or  gakiia,  is  the  most  important,  as 
well  as  the  most  common  of  the  ores  of  this  metal,  constituting 
the  principal  source  from  which  it  is  obtained.  It  usually  contains 
silver,  in  addition  to  lead  and  sulphur.  It  occurs  in  extensive 
beds  and  veins,  in  primitiye  and  secondary  rocks,  most  abundantly 
in  argillaceons  semsl  and  secondary  limestone;  and  itlsacom- 
panied  by  the  ores  of  sine,  copper,  iron  and  silver;  and  by  quarts, 
sulphate  of  barytes,  carbonate  of  limo,  and  fluoride  of  calcium, 
:  (flaorspar.)  Much  of  this  ore  is  obtained  from  thamines  of  Missomif 
M'here  it  is  found  massive,  or  crystallized  in  cubes  and  regu- 
lar octaedrons,  sometimes  of  gigantic  size.  The  peacock  lead  ere 
of  the  miners  displays  various  purple  tints,  like  a  dove's  or  pea- 
cock's Deck.  A  compact  and  specular 
variety  is  styled  by  the  Derbyshire 
miners  slickenside.'^  Blue  lead  ore, 
crystallised  in  lieiaffonal  prisms,  m 
found  at  Hnelgoit,  in  Bretagn^  AvA 
moniated  erieaa,  of  a  tin«white  odonr, 
^ggregAiea  crystals,  contains,  besides 
lead  and  snlphor,  a  large  portion  of  aa^ 
timony. 

69.  Sufpkuret  of  bismuth,  or  bismuth  glance^  occurs  massive,  or 
in  delicate  acicular  crystals.  Cupreous  bismuth  ore  is  a  snlphuret 
of  bismuth  and  copper,  which  is  found  massive  and  dissemi 
nated.  Needle  ore,  a  sulphuret  of  bismuth,  lead  and  copper, 
which  deriTes  its  appellatioa  from  its  wire-like  appearance, 
ocean  imbedded  in  Quarts. 

60.  Sulphurd  of  hn,  or  tin  pyrUa^  also  called  belKmetal  oie, 
from  its  colour,  is  a  oomponna  of  snlphnr,  tin,  and  copper,  with 
a  small  portion  of  iron. 

61.  Sulphuret  of  mercury  exhibits  some  diversity  of  colour  and 
form.  There  are  two  varieties,  2innabar,  and  hepatic  mercurial  ore, 
the  former  of  which  is  divided  by  Werner  into  the  dark  red  cin- 
nabar, the  colour  of  which  approaches  that  of  cochineal;  and  the 

What  other  metal  h  Bomeliniet  mixed  with  the  sulphuret  of  ccpper  t 

What  is  the  common  name  of  the  sulphuret  of  lead? 

In  what  kind  of  rock  is  it  generally  found  ?  * 

What  is  meant  by  cupreous  bismuth  ?   What  by  needle  ore  ? 

J\  hat  iH  the  true  compositioa  of  tin  pyrites  f 

wjioL  name  ia  commonty  given  to  t^  sulphaiet  of  mercuiy  ? 
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bright  red  or  native  vermilion.  The  hepatic  mercurial  ore,  or 
liver  ore  is  a  mixture  of  cinnabar  with  bituminous  and  earthy 

matter  compact  and  slaty,  found  in  the 
mines  of  Idria.  Coral  ore  is  of  the  same 
nature,  with  petrifactions.  This  sulphuret 
occurs  disseminated  and  superficial,  form- 
ing arborescent  figures  on  clay-slate,  &c, 
(See  marginal  figure.) 

62.  Sulphuret  of  silver^  or  viiremis  sti- 
ver ore,  occurs  massive,  or  crystallized  in 
cubes,  octaedrons,  and  dodecaedrons,  besides  other  forms.  Black 
silver  ore  is  a  pulverulent  variety  of  this  sulphuret,  having  a 
scoriaceous,  sooty  appearance;  sometimes  massive,  or  coating 
native  silver. 

63.  Sulphuret  of  antimony,  occurs  compact,  foliated,  radiated, 
or  plumose;  composed  of  downy  fibres,  disposed  in  nests,  or  fas- 
cicular crystals.    (See  marginal 
figure.)    Some  varieties  exhibit 
^  a  fine  iridescent  blue,  yellow, 
and  red  tarnish. 

64.  Sulphuret  of  arsenic,  when 
it  contains  a  large  proportion  of 
sulphur,*  constitutes  the  mineral 
called  orpiment,  characterized  by 
its  bright  yellow  colour ;  with  a 
less  proportion  of  sulphur,  arse- 
nic forms  realgar,  or  red  orpiment. 
The  latter  is  said  to  occur  chiefly  in  primitive  rocks,  but  the  yel- 
low orpiment  in  the  secondary  or  fioetz  rocks  of  Werner;  and 
both  are  found  near  volcanos.  These  minerals  are  sometimes 
massive,  or  lamellated ;  and  occasionally,  but  more  rarely,  crystal- 
lized. 

65.  Sulphuret  of  molyhdena  is  a  sectile,  shining  substance,  re- 
sembling plumbago,  and  generally  massive  or  laminated  ;  rarely 
crystallized.  It  is  found  in  Sweden,  Bohemia,  and  near  Mont 
Blanc,  disseminated  in  a  gray  granite.  It  has  also  beea  met  with 
in  Cornwall,  and  in  Inverness-shire,  North  Britain. 

h.  Composite  Sulphurets. 

66.  Sulphuret  of  arsenic  and  iron,  arsenical  pyrites,  or  mispickel^ 
occurs  principally  in  veins  in  primitive  mountains,  and  is  common 
in  the  copper  romes  of  Cornwall.  It  is  often  iridescent.  Some 
varieties  are  argentiferous,  and  exhibit  a  tarnished  silver  hue. 

What  18  the  true  character  of  black  silver  ore? 
What  is  the  appearance  of  sulphuret  of  antimony  ^ 
What  is  the  chemical  character  of  orpiment  and  realf^ar? 
What  peculiar  properties  belong  to  sulphuret  of  molybdena? 
In  what  localities  has  it  been  found  7 

To  what  triple  compound  iB  the  name  arsencial  pyrites  applied  ? 
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Glance  tobaU  ii  ao  aisenicMmlphuTet  of  co-' 
baltt  which  is  foand  massive,  and  oiystallized 
in  cubes,  octaedrons,  dodecaedrons,  an4  vbp 
rious  other  derivative  forms. 

G7»  Among  the  composite  sulphur  salts  may 
likpwisH"   be  mentioned  the  oournoniff  f 


so 


called  from  us  discoverer,  Count  Bournon,) 
which  is  a  Rnlphuret  of  lead,  antimony,  and 
copiH  r,  crystallized  in  tetraedra^  prisms,  va- 
^  riously  modified. 

68.  Rtd  or  ru&v  mlver  ore  is  distinguished  into  two  kinds,  the 
dark  red  and  the  light  red,  both  crystalli/inor  in  hexaedral  prisms ; 
but  the  former  is  a  sulpburet  of  silver  and  antimony,  and  the  latter 
a  sulphuret  of  silver  and  arsenic  :  there  are  also  other  varieties. 

Gray  copper  ore^  oxfahierz^  is  a  double  sulphur  salt,  of  copper  and 
antimony. 

Oxides  of  the  EhdnhPoniive  Meiah. 

69.  The  oxides  of  man  frantse  occur  in  considerable  variety,  and  are 
very  generally  dissemiuated.  Fibrous  gray  manganese  crystallizes 

in  delicate  acicular  crystals, 
[  and  Other  varieties  are  radiat- 
ed, foliated,  or  compact,  the 
latter  sometimes  in  botryoidal 
masses.  Earthy  gray  maiir 
i^nese  is  much  used  ih  tibijfi 
preparation  of  oxygfen  gus. 


m  Fibrous  black  mang-ane?e  is 
found  dendritic,  on  t}ir>  ^^nr- 
face  of  stone,  or  indurated 
marl.  (See  marginal  figure.)  Wad  is  often  ocbreous,  of  a  brown 
or  black  colour.  Sulphuretted  oxide  of  manganese,  which  resem- 
bles the  gray  oxide,  is  fonnd  with  the  ores  of  tellurium,  at  Nagya^, 
in  Transylvania.  Franklinite,  ia  an  oxide  of  manganese  wiUi 
zinc  and  iron. 

70.  The  oxides  of  iron  are  extremely  numerous.  Specular  oxide, 
or  iron  o^lance,  found  in  the  Tsle  of  Elba,  is  remarkable  for  its 
beautiful  iridescf  iit  or  changeable  colours;  find  specimens  from 
Stromboli  and  Vesuvius  occur  in  large  iaiiieliar  crystals,  often 
imbedded  in  lava,  looking  like  polished  steel.  Iron  mica  is  found 
in  delicate,  bright,  hexaedral,  tabular  crystals,  of  an  iron-^ray 
coloar.  Red  lion  ore  includes  the  varieties  of  compact  red  iron- 
stone, and  red  hvmatite,  the  latter  in  large  masses,  uniform,  or 
mammUlated.  Ma^etic  ironstone,  or  oxidulated  iron,  is  very 
common,  both  massive  and  crystallised,  in  octaedrona.  Wootz, 

What  it  meant  by  glance  cobalt?  What  u  thd  eompaaition  of  boumonite  f 

Whfit  is  the  nature  of  ruby  silver  ore  ?  For  what  is  llie  earthy  grey 
niangano«e  employed?  What  is  Franklinito  ^  For  what  is  thr  iron  ore 
of  JClba  remarkable  ?    What  varieties  does  tiie  red  iron  ore  embrace  I  * 


^^M^  )r'M^^^£y^  found  dendritic,  on  thr>  ^^ur- 
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\OT  Indian  steel,  is  obtained  from  an  ore  of  Hue  kindy  ftund  in  the 

TJast  Indies.  ^  , 

71.  Hydrops  oxide  of  iron^r  brown  ironstone,  oeouTS  in 

several  vanf>tips,as  the  micaceons,  called  craethite,  formintr  trans- 
parent tables*  of  a  blood  red  hu(^ ;  that  in  tine  scales,  lining  the 

cells  or  vesicles  found  in  lava;  in 
the  state  of  a  dark  brown  powder, 
used  by  the  Booshuauas  of  South 
Africa,  as  half-powder;  the  fibrous 
brown  ironstonOf  or<4»fown  li«mac 
tite,  in  silky  fibies,  or  zoned,  at- 
taehed  to  tbe  roofs  or  walls  of  ca- 
verns ;  the  compact  brown  iron  ore, 
and  hrown  oehre.  Art/i!laceons,  or 
clay  ironstone^  occurs  i[i  nodules, 
fi  itirjnn  masses,  i^.  (See  marginal  figure,)  and  some  specimens 
exhibit  impressions  of  ferns  ana  other  vegetables. 

72.  Among  the  oxides  of  copper  is  the  native  protoxide,  or  ruby 
copper  ore,  which  occois  massiyd^^n^  crystalliaed  in  octaedrons 
and  other  figures :  and  there  is  a  variety  fonnd  in  Germany  in 
beantifol  bright  red  capillary  crystals.)  The  tile  ore,  a  compact 
earthy  variety,  is  a  mixture  of  ruby  copper  and  brown  iron  ocnio* 

73.  Oxide  of  lead,  or  native  minium^  supposed  to  be  produced 
from  the  decomposiiinn  of  galena,  has  been  found  in  the  lead- 
mines  of  Ynrlcshirt',  Knirjand,  and  on  the  continent  of  Europe. 
VhIIow  ox''"^>  b  's  been  oblained  from  Siberia;  and  an  ash-gray 
variety,  coauiio  g-alena,  is  said  to  have  occurred  in  North  Wales. 
Plombgomrae,  S(^calied  from  its  appearance,  compound  of 
lead  with  oxvgen,  dumine,  and  water,  of  a  shining  yellow  colour, 
and  mammilfated// 

74*  Oxide  of  tnamuth^  or  InumxUk  oehre^  is  a  li^t  yellowish^gray 
or  greenish  mineral,  earthy  and  fidablsy  which  is  found  in  Saxony 
ana  Bohemia. 

Oxide  of  zinc y  called  red  oxide,  from  its  colour,  occurs  dissemi- 
nated in  ^oiips,  indeterminately  crystallized,  or  of  a  lamellar 
structure,  in  iron-mi ues  in  New  Jersey.  ■ 

Oxides  of  cobtill. — The  black,  brown,  and  yellow  cobalt  ochres, 
appear  to  be  hydrates,  or  combinations  of  water  with  the  oxic^s  of 
cobalt  and  manganese,  frequently  mixed  with  oxide  of  iron>) 

QanVe  of  uranium^  called  urofi  Mftre,  exiiibits  various  shades  of 
yellow.  JPechblende  is  a  ferriferous  oxide jpf  uraiaum,  containmg 
also  lea^  copper,  and  other  substances,  j 

Whence  \n  Indian  steel  obtained  f 
In  what  variety  of  fiMrms  doea  brown  ironstone  occur? 

What  is  the  appearance  of  clay  iron-stone  ? 
What  orsanic  substancea  doea  it  occasionally^ontainf 
How  is  the  oiide  of  copper  crystallized  f 

What  ifi  the  chemiMd  natiue  of  minium  f  Whatk  phNDubfommef 

'  Where  is  native  oiidf*  of  zinc  found  ? 
What  18  the  nature  of  cobalt  ochres  ? 
What  is  tbfi  nature  of  the  mineral  called  pechUende  t 
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75.  Oxide  of  tin  includes  common  tin  ore  and  wood-tin.  -  The 
former  occurs  massive,  variously  crystallised,  and  disseminaled  in 
gianite;  italao  forms  delicate  capillary  crystals. /Wood*tin  has 
been  found  only  in  Cornwall  and  in  M«Kico;  ito  %troeture,  in 
seueialt  is  fibrous,  liaTiue  the  appearance  of  wood,  but  extremely 
heavy.  A  varie^,  ealled  in  Cornwall  toad^s  eye  wood-tin,  ex- 
hibits globular  concretions  of  radiating  fibreSy  disposed  concentri- 
cally in  brown  and  yellow  colourey 

Oxides  and  Oxacids  of  Electro-Negative  SubsianceSf  with  their  Com^ 

binations» 

Alumina  and  AluminaiiM, 

76.  The  exuls  of  oAnntiMim,  which  constitutes  in  its  pure  state 
aluminous  or  argillaceous  eaorth,  sometimes  occurs  alone  in  a 
crystalitaed  form,  and  sometimes  acts  the  part  of  an  acid,  entering 

into  combination  with  the  oxides  of  other  bodies.  Amona  the 
vnrif'ties  of  native  alumina,  are  the  perfect  corundum,  which  is 
found  of  different  colours.  'I'he  blue  kind  is  the  gem  called  the 
oriental  sapphire,  the  purple  the  oriental  amethyst,  the  yellow  the 
oriental  topaz  or  chrysolite,  the  green  the  oriental  emerald,  and  the 
red  the  oriental  ruby.  The  adamantine  spar,  or  imperfect  corundum, 
and  emery,  are  also  chiefly  composed  of  alumina,  containing  only 
verv  inconsiderable  portions  of  silica  and  oxide  of  iron.  Fibrolite, 
(called,  by  Lucas,  bournonite,)  according  to  an  analysis  of  Che-- 
nevix,  consists  principally  of  alumina  %S\  silica.  The  indianita 
of  Count  Bonrnon  is  a  granular  mineral  from^he  carnatic,  con- 
taining specks  of  hornblende,  and  it  is  one  of  the  matrices  of  the 
common  corundum.  Diaspore  and  gibbesite  are  hydrates  of 
alumina. 

78.  The  aluminate  of  magnesia  occurs  in  the  spinel  or  balas 
ruby,  consisting  of  red  octaedral  crystals,  and  Uiere  is  a  blue  kind 
of  sjpinel  found  in  Sutemaniay  In  Sweden.  Ceylonlle  or  pleonastCy 
which  has  been  reckoned  a  variety  of  the  spinel,  accordingto 
Ekeber^,  contains  iron  as  well  as  alumina  and  magnesia.  The 
automalite  or  gahnite, found  in  Sweden,  and  in  New  Jersey,  has  been 
termed  the  zinc  spinel,  being  a  combination  of  alumina  with  oxide 
of  zinc.  Plombgomme,  already  mentioned,  is  a  hydrous  aluminate 
of  lead. 

SiUea  and  SiUeaUs. 

79.  The  oxide  or  acid  of  silicon^  and  its  combinations  with  the 
oxides  of  other  bodies,  form  by  much  the  most  numerous  division 

What  are  the  forms  and  localities  of  wood  tint 
What  is  the  nature  of  corundum  ? 

Into  what  precious  stones  does  alumina  enter  as  a  chief  ingredient? 
What  is  ♦  rnory  ?    What  is  the  chemical  compoailion  of  spinel  ?  * 
What  oHke  dues  the  nltiniina  perfiMrm  in  oompotiag  thift  inineial t 
What  is  ueaul  by  zuic  spinel  ? 


Google 


0 


ftOCK-CRTSTAL  AND  QVARTZ.  259 

of  mineral  substmiees.   In  previous  anrangementt  the  silioeoufl 

minerals  have  in  general  been  considered  as  constituting  so  many 
distinct  species,  but  they  may  with  more  propriety  be  reorarded  as 
merply  varieties,  whose  jieruliar  external  characters  are^  respec- 
tively derived  from  the  admixture  of  extraneous  substances,  or 
from  other  circumstances  connected  with  their  formation. 

80.  Rock-crystal,  which  is  composed  of 
pure  silioeoaa  earth,  crystallises  in  Tarious 
forms,  the  primitive  crystal,  which  is  of 
rare  occurrence,  being  an  obtnse  rhomboid* 
Sometimes  it  appears  in  hexaedral  pyrai- 
mids,  with  acicular  diverging  fibres,  as  in 
the  marginal  figure.  Very  fine  specimens, 
and  some  of  extraordinary  si'/e,  are  found 
in  Madagascar,  and  among  the  Alps. 

81.  Amethyst  quartz  is  tinged  with  a 
little  iron  and  manganese.  Rose  quartz 
derives  its  roseate  hoe  from  manganese. 
Red  quartz,  in  small  crystals,  coloured  bv 
iron,  has  obtained  the  name  of  hyacinth 

of  eompostella.  Other  varieties  are  fibrous  quartz ;  flexible  sand- 
stone, found  in  Brazil,  and  at  Mount  St.  Oothard,  in  Swilserland ; 
stalagmitic  quartz,  or  quartz-sinter,  including  the  siliceous  concre- 
tions formed  by  deposition  from  the  hot  springs  of  Geyser,  in  Toe- 
land  ;  pearl-sinter,  or  fiorite,  from  the  hill  of  Santa  Flora,  in  'i'us- 
cany,  and  from  the  Isle  of  Ischia;  ceraunian-sinter,  or  fulgurite, 
supposed  to  have  been  formed  by  the  action  of  lightning;  iron, 
fiint,  or  ferruginous  quartz,  containing  small  quantities  of  iron ; 
and  hyalite,  which  contains  water  combined  with  silica.  Prase, 
or  green  quartz,  contains  actlnolste* 

89.  Avantnrine  is  a  beautiful  kind  of  quartz,  of  a  rich  brown 
colour,  exhibiting  interspersed  glittering  particles,  either  from  the 
presence  of  minute  scales  of  mica,  or  from  the  occurrence  of 
abundance  of  small  fissures,  which  cause  ntimrrous  reflections  of 
the  rays  of  light;  and  the  cat's-eye,  chietiy  from  Ceylon,  displays 
an  opalescent  lustre,"owing  to  almost  invisible  fibres  of  amianthus 
imbedded  in  the  quartz.  Hornstone  is  of  two  kinds,  called  con- 
choidal  and  splintery,  from  the  mode  of  fracture ;  its  most  usual 
colours  are  readish-white,  milk-white,  and  very  li^ht  gray,  some? 
times  stained  with  dull  yellow ;  and  the  splintery  hornstone  occa- 
sionally is  marked  with  small  irregular  spots,  supposed  to  be 
owing  to  the  presence  of  chlorite.  ,  , 


What  elementary  principles  are  the  most  abundant  in  the  mineral  king- 
dom? 

What  18  the  substance  commonly  known  at  rock  ciyitalf 

Wliat  is  iU»  primitive  form? 

i«^numerate  some  of  the  varieties  which  occur  in  this  substance. 
What  peculiar  appearance  it  exhibited  liy  avantatinef 
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BB.  Common  flint  exhibits  • 
TBSt  wiety  of  eingnlar  fonns  an4 
appearances,  most  of  which  seeia 
to  be  derived  from  organic  bodies. 

Calcedony  occurs  of  different 
colours,  as  pale  bine,  ^ray,  and 
sometimes,  but  more  rarely,  of  a 
light  frrpr  n  hue  ;  it  is  crystallized 
in  obtuse  rhornboedrons ;  speci- 
mens of  botryoi<Jal  calcedony  are  found  in  the  Ferroe  Islands;  and 
nodules  ioclosing  water  (enhydrites)  in  yolcanie  Tocks,  at  Monte 
Bericot  near  Viceoxa,  in  Italy*  Some  specimens  exhibit  cnrioius 
dendritic  and  other  fignres  on  the  sarfaee,  of  a  red  or  black  coIoqt; 
they  are  called  mocha  stoneSf  and  are  need  for  the  coreTs  of  snolEi 
boxes,  and  for  ornamental  pnrposes.  , 

84.  Cornelian  is  distinguished  from  calcedony  merely  by  its 
colour,  being  red  or  yellow,  and  sometimes  striped.  Plasma  is  of  a 
dullish  green  colour,  often  spotted  with  white.  Heliotrope  is  a  mix- 
ture of  calcedony  with  green  earth,  occasionally  containing 
particles  of  red  jasper  interspersed,  whence  it  is  styled  blood- 
stone ;  some  varieties  are  yellow  spotted  and  semi-transparent. 
Ohrysoprase  is  a  beantifbl  Tariety  of  calcedony,  which  owes  its 
-apple-green  colour  to  oxide  of  nioxel.  Piroelite  is  a  similar  ^reea 
siliceous  earthy  mineral,  which,  according  to  Klaproth,  contains  a 
large  proportion  of  water.  Agates  are  siliceous  compounds  of  an 
analogous  nature,  displaying  Tariety  of  colour,  diversified  by 
onrvpfi  nnd  angular  line?,  forming  multitudes  of  sinjrular  nnd 
beautiful  ligures.  Henre  their  several  dcbifrnatiuns  of  striped, 
zoned,  fortification,  landscape,  moss,  spotted,  and  clouded  agates. 

85.  The  jaspers  form  a  mulrifarious  division  of  siliceous 
minerals.  Ti»e  globular  or  Egyptian  jasper,  of  various  shades  of 
red,  is  found  at  Cairo,  in  masses  supposed  to  he  formed  by  infil- 
tration ;  riband  or  striped  jasper,  generally  of  a  brownialwed» 
with  green  bands,  occurs  in  Siberia ;  a^ate  jaspei,  found  only  in 
veins  of  agate,  exhibits  a  diversity  of  colours,  red,  white,  and  yel- 
low ;  porcelain  jasper,  which  has  a  vitrified  appearance,  is  pro- 
dt^ced  by  the  operation  of  subterraneous  heat  on  clay-slate. 

86.  Opa!  is  inferior  in  beauty  of  appearance  to  few  minerals, 
being  distinguished  by  a  peculiar  cliatoyant  lustre  or  play  of 
colours,  arising  from  a  multiplicity  of  minute  and  otherwise  im- 
perceptible iidsures  withfti  its  substance.  These  are  the  noble 
opals,  the  finest  specimens  of  which  are  found  in  Hungary.  The 
g}  r&sol,  or  fire-opal,  from  Mexico,  displays  usually  reddish,  yel- 
lowish, and  greenish  tints,  with  a  flame-lii^e  iridescence,  depend- 


Wliat  are  the  varieties  of  calcedony  ? 

What  is  signilied  by  the  term  enhydritet  What  ii  heliotiope! 

What  19  fhe  composifion  f^f  no:atrs  ' 

VVhai  variety  of  jaspers  may  be  enumerated? 
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ii^  on  ioterior  iissares.   Tha  oommon  opal  and  the  semi-opal  are 

destitute  of  Ihe  play  of  colours  which  characterizes  the  noble  opal. 
Hydrophane,  or  oculus  raundi,  is  white  and  opaque  when  viewed 
in  the  air,  but  is  rendered  transparent  by  immersion  in  waler. 
Wood-opal  is  found  of  various  colours,  generally  bright  yellow, 
and  its  appearance  betrays  its  nature,  as  opalized  wood.  Jaspopal 
exhibits  red,  brown,  and  yellow  colours,  and  is  sometimes  spot- 
ted. Menilite,  so  called  becanse  it  is  found  at  Meail-Montant,  near 
Paris,  is^nearlj  allied  to  common  opal.  All  the  opals  are  regarded 
as  hydrates  of  silica* 

a  Silicates  with  a  Single  Base. 

87.  TaMe-tparoxwoOttaonite^  found  at  Mount  Vetitvias,  Nagyag 
in  TransylTania,  and  elsewhere,  is  a  silicate  of  lime. 

The  itlicatet  of  magnesia  are  more  numerous,  including  steatite, 
which  is  white,  or  mottled  like  soap,  and  of  yarious  colours,  the 
yellowish-green  variety  being  among  the  most  remarkable;  kef- 
fekil  or  meerschaum,  of  which  pipe-bowls  are  manufactured; 
keifekillite,  found  in  the  Crimea;  lithomarfre,  sometimes  of  a  red- 
dish-yellow colour,  and  sometimes  of  a  purple  hue,  but  more  ijre- 
quently  white. 

83.  Silicate  of  ziric,  called  likewise  electric  or  siliceous  calamine, 
is  obtained  from  Hungary  and  Siberia. 

SiUeate  ofmanganete  occurs  in  varieties,  which  have  been  distin- 
guished by  different  names,  as  allagite  and  rhodonite. 

SiUeate  of  cerium,  or  ceriie,  found  at  Bastnaes,  in  Sweden,  con- 
tains yttria  as  well  as  oxide  of  cerium,  and  therefore  bdonfrg  to 

the  next  division. 

The  silicates  of  iron  include  the  hisingerite,  the  sideroschizoUte, 
and  the  chloropha^ite. 

The  silicates  of  copper  are  crysocoll,  siliceous  malachite,  or 
mountain-green,  which  contains,  according  to  Klaproth,  carbonic 
acid,  as  well  as  silica,  and  water';  and  dioptase/or  copper  emerald, 
a  scarce  mineral  from  Siberia. 

89.  ftHeate  of  zireonia  includes  the  common  zircon,  and  some 
hyacinths  from  Ceylon,  and  other  countries ;  besides  the  yariety 
called  zirconile,  and  the  bine  zircon  from  Mount  Vesuvius. 

Among  the  silicates  of  alumina  are  the  kyanite  or  disthene,  and 
its  varieties,  the  bucholzite,  and  the  sillimanite.  The  hydrous 
silicates  of  alumina,  or  those  containing  water,  exhibit  considera- 

To  what  is  the  play  of  colours  in  the  "noble  opal"  attributed? 
VVHint  peculiarity  is  possessed  by  llie  hydrophanp  ? 
What  is  the  chemical  nature  of  this  class  of  minerals  ? 
What  IS  meant  by  the  term  MilieaU  t  (gee  Chemistrv  No.  309.) 
What  use  is  made  of  the  silicate  of  magneeia  called  keflekill 
Where  is  silicate  of  zinc  found  ? 
What  djiferent  varieties  of  stlicmte  of  copper  exist? 
Whst  is  the  oomposhion  of  sillimanite  ! 
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ble  variety,  including  Boine  UdAi  of  1itlMmiUf99  fii&ei's  eaxth^ 
bole,  cimoiite«  haloisite,  &c. 
Finite  ooeora  crystallized  in  equiangiilftry  b^xagonal  prisms,  of 

a  blackish-grrpen  colour,  imbedded  in  granite ;  and  gieseckitOt 
found  in  Greenlaod,  appears  to  be  a  variety  of  tiiis  miaeral* 

b.  Silicates  with  Several  Bases. 

90.  Apopliyllite  is  a  hydrated  silicate  of  lime  and  potash;  me- 
sotype,  or  needle  zeolite,  is  a  hydrated  silicate  of  alumina,  lime, 
ana  soda,  occurring  in  acicular  tetraedral  crystals,  as  in  the  follow- 
ing  fi^are;  natrolite  contains  almnina  and  ma,  bat  no  lime ;  and 
ecolicite  and  thomsonite  are  hydrated  silicates  of  alumina  and 
lime.   Ani^cime  is  a  silicate  of  alnoiina  and  soda  with  a  small 

quantity  of  lime.  Stilbite  is  a  hydrated  sili- 
cale  of  nlumina  and  lime,  containing  (accord- 
ingr  to  Gehlen)  a  little  soda.  Lanmontite,  so 
calu^d  in  honour  of  M.  Gilles  Laumont,  who 
discovered  it  in  the  lead -mines  of  Bretagne, 
diders  from  the  preceding  in  containing  no 
soda,  but  some  carbonic  acid ;  it  is  subject  to 
efflorescence  when  exposed  to  the  air.  Here 
may  be  mentioBed  obsidian,  of  a-  black  or 
smoke-gray  hue,  massive,  with  a  conchoidtd 
Iracture ;  pitohstone,  green,  reddish-brown, 
or  nearly  black,  like  pitch;  and  pearlstone, 
of  a  dark  bluish-<rray  rolnur,  massive,  but  having  a  granular  iqp- 

pearance,  with  a  shininjr  lustre. 

91.  Arnonrr  the  zeolitic  substances  may  also  be  mentioned 
prehnite,  of  which  there  are  two  principal  varieties,  the  radiated  or 
fibrous,  which  is  of  a  green  colour,  andf  the  foliated,  in  thin  tabular 
crystals,  of  a  gnreenish-white  colour ;  both  consi^ing  principally, 
of  silica,  alumma,  iMb,  oxide  of  iron,  and  water,*bl  which  last' 
body  thckfoliated  prehnite  contains  but  a  minnte  qu^^ty ;  eomp* 
tonite,  a  volcanic  substance,  found  lining  the  cavities  in  lava; 
gmelinite,  or  hydrolite,  and.  ievine.  In  the  same  f^pfly  h  to  be 
reckoned  the  harmotome,  or  cross  stone,  which  ham^ceived  the 
latter  name  from  the  peculiarity  of  its  crystallization,  and  which 
consists  of  silica,  alumina,  barytes,  and  water;  and  the  potash 
linrmotonie,  which  includes  the  Vesuvian  minerals,  styled  zeago- 
nite,  gisnnrndine,  and  abrazite. 

D2.  To  the  feldspar  family  belong  several  important  mineral 

Fnnmerate  some  of  the  mineral!  in  which  tilicic  acid  is  combined  with 

several  bases. 

What  it  the  aiipeanmoe  of  obeidiaal— of  pitebstone  T— of  pearistoae  I 

What  appearance  has  prehnite?  • 
What  IB  the  compMition  of  cross  stone  I 
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bodies.  Common  feldspar  is  found  ex- 
hibiting a  diversity  of  colours,  as  white, 
gray,  light  red,  green,  and  blue,  crys- 
tallized in  rhombic  prisms,  variously 
modified,  imbedded  in  granite.  Labrador 
feldspar  is  found  massive  and  compact, 
displaying  a  beautiful  variety  of  opa- 
lescent colours.  Among  the  feldspathic 
minerals  are  adulari,  or  naker  feldspar; 
cleavelandite  or  albite,  containing  soda ; 
leucite,  or  aniphigene;  and  spodumene  or  triphane,  and  pelalite, 
both  aluminous  silicates  of  the  alkali  called  lithia.  Nepheline, 
elajolite  or  fettstein,  and  wernerite,  which  includes  the  meionite  of 
Vesuvius,  scapolite,  paranthine,  and  dipyre,  are  minerals  more  or 
less  of  an  analogcuis  nature.  The  feldspars  are  silicates  of  alumina, 
lime,  and  potash. 

93.  The  micaceous  and  talcose  minerals  form  an  interesting  di- 
vision of  substances.  Mica  exhibits  many  varieties,  which,  with 
reference  to  their  chemical  characters,  have  been  divided  into 
potassa-mica,  which  is  by  much  the  most  common ;  magnesia- 
mica,  found  at  Mount  Vesuvius,  and  at  Munroe,  in  the  state  of  New 
York  ;  and  lithia-mica,  or  lepidolite,  sometimes  of  a  beautiful 
peach-red  colour.  Talc  is  found  in  considerable  variety,  as  the 
Venetian  talc,  in  foliated  crystals  of  a  greenish-white  colour,  a 
substance  which  forms  the  basis  of  rouge,  used  as  a  cosmetic  ;  in- 
durated talc ;  and  agalmatolite,  {laic  graphiqut  of  Haiiy,)  a  sectile 
mineral,  which  the  Chinese  form  into  cups,  images,  or  other 
figures.  Chlorite  is  a  green  mineral,  crystallized  in  aggregated 
small  modified  rhombic  prisms ;  and  there  are  earthy  and  foliated 
varieties. 

94.  Among  the  amphi- 
bolic minerals,  or  those  of 
the  hornblende  family, 
may  be  noticed  the  com- 
mon, the  basaltic,  and  the 
schistous  hornblende ;  the 
antinolite,  or  strahlstein, 
divided  into  the  glassy, 
the  common,  and  the 
fibrous  varieties ;  the  tre- 
molite,  or  grammatite, 
common  and  glassy ;  the 
arfvedsonite ;  and  the  an- 
thophyllite,  which  con- 
tain silica,  magnesia,  and 

^Vhat  are  some  of  the  varieties  found  in  feldspar? 

What  bases  are  cunlained  in  feldspar? 

What  are  the  chemical  varieties  found  in  mica  and  talc  ? 

What  differences  ul  colour  and  crystalline  ibrm  do  minerals  of  this  class 
^vhihit?  What  are  some  of  the  raoet  important  of  the  hornblende  family 
of  minerals  \ 
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oxide  of  iron  or  lime ;  and  most  of  Ihem  likewise  eontain  ala-> 
aiina. 

95.  Serpentine,  of  which  there  are  the  noble  and  common  varie- 
ties,  exhibits  various  colours,  prreen,  brown,  and  red,  often  inter- 
mixed ;  and  serpentine-marble  is  orniinicntod  ^vith  waving  lines,  as 
represented  in  the  preceding  fijrure.  Chrysolite  and  oUnne,  like 
serpentine,  are  coloured  by  oxide  of  iron. 

9G.  The  asbestine  minerals  in  their  chemical  composition  are  re- 
lated to  the  preceding.  Among  the  most  remarkable  ipurieties 
may  be  menuoned,  the  flexible  aabestue,  or  amianthus,  used  in 
making  Ineombostible  cloth;  moantain  wood,  rook  cork,  and  the 
bine  and  yellow  aabestna,  from  South  Afriea,  called  kro^ydalite. 

97.  The  pyroxenic  minerals  are  numerous,  including  auglte^ 
found  in  small  black  crystals,  imbedded  in  lava,  the  grranular 
variety  of  which  is  called  cocrolite  ;  diopside,  including  the 
mussite  and  the  alalite,from  Pii  cimont ;  the  pyrgomme,  or  fassaite, 
which  dilTers  from  au^ite  in  the  form  of  its  secondary  crystals; 
and  the  achmite.  To  these  may  be  added  the  diallage,  or  schiller- 
spar,  of  a  tureen,  brown,  or  black  colour,  and  having  a  metallic 
lustre ;  the  bronsite,  having  much  the  eolour  and  Instreof  bionse; 
and  the  hypersthene,  tinted  with  a  mixture  of  brown,  blaek,  and 
copper  colour,  and  exhibiting  considerable  metallic  lustre. 

98.  The  epidote  is  a  mineral  of  a  grreen  colour,  massive  or  in 
large  crystals,  containing  silica,  alumina,  lime,  and  oxide  of  iron; 
and  some  varieties  also  afford  oxide  of  manoranese.  Zoisite  re- 
sembles  epidote  in  its  chemical  constitution,  but  it  is  generally  of 
a  bluish  or  yellowish-gray  colour.  Idocrase,  or  vesuvian,  is  of 
the  colour  of  brown  resin,  and  t)f  a  shining  lustre,  and  is  found  in 
prysmatic  crystals,  among  substances  ejected  from  volcanus ;  and 
ef  a  similar  composition  is  the  hessonite,  of  cinnamon-stone ;  both 
these  minerals  containing  silica,  alumina,  lime,  and  oxide  of  iron. 
Cyprtne  is  a  wiety  of  the  idoerase,  tinted  blue  by  the  oxide  of 
copper. 

99.  The  garnet  family  contains  numerous  and  diversified  varie- 
ties, which  are  silicates  of  alumina,  tinged  with  oxide  of  iron  or 
other  metals.  The  pyrope,  or  chrome  garnet,  of  a  dark  cherry-red 
colour,  occurs  in  rounded  and  angular  concretions,  and  likewise 
imbedded  in  serpentine  and  other  rocks ;  the  colophonite,  so 
named  from  its  resembling  resin  in  colour  and  lustre,  contains 
oxide  of  manganese,  and  a  minute  quantity  of  oxide  of  titanium ; 
the  melanite,  or  black  garnet,  according  to  Klapro^,  is  an  alumi- 
nous silicate  of  lime  and  iron,  with  a  trifling  proportion  of  oxide 
of  manganese ;  the  grossolar,  or  wilui  garnet,  so  called  from  the 
resemblance  of  its  yellowish-green  crj'stals  to  a  gooseberry,  is 
nearly  of  similar  chemical  composition  ;  the  allochroite,  or  splintery 
garnet,  is  not  so  hard  as  quartz,  but  strikes  fire  with  steel,  and 

What  appearance  ii  exbibited  hy  terpentine  f 

Enumerate  some  of  the  varieties  of  pyroxenic  miiicrnls. 
•  wu*'  "*J*torial8  entor  info  tho  composition  of  epidote  ? 

k  iducroso  fouud  ?   What  is  the  colouring  matter  of  camels  ? 
WUftnce  doM  the  ooloplKHUto  derive  its  name  f 


Digitized  by  Google 


» 


266 


tnclts  before  the  blowpipe  into  a  black  enamel ;  it  contains  oxide 
of  mang-anese,  as  well  as  oxide  of  iron,  in  considerable  proportions  ^ 
and  analonrous  to  these  is  the  romanzovite. 

100.  Tlie  gehlenite,  so  called  from  Professor  Gehlen,  an 
eminent  mineralogist,  is  found  in  scjuars  prismatic  crystalSy  of  a 
ligh t  fi^ray ,  olive-|preen,  brown,  or  blnish-blaek  colour.  The  iolito. 
or  dicnroite,  is  so  called  from  its  different  appearance  when  yiewed 

.  in  different  positions,  generally  exhibiting  a  dull  violet,  or  indigo 
colour ;  *ut  if  viewed  by  transmitted  light,  in  the  direction  of  the 
axis  of  the  cr3'stnls,  it  appears  of  a  palo  yellowish-brown,  nr  Ofray 
hue;  and  it  occurs  massive,  or  crystallized  in  hexaedral  prisms: 
according  to  the  analysis  of  Dr.  Leopold  Gmelin,  it  is  an  aluminous 
silicate  of  magnesia  and  oxide  of  iron,  W'ith  small  quantities  of 
lime  and  oxide  of  manganese.  I^arpholite  is  a  mineral  of  a  deep 
straw  colour,  in  radiated  fibres  or  tufts;  it  has  only  been  found  al 
Schlackenwald,  in  Bohemia,  and  it  appears  to  be  a  hy  drated  sillcats 
of  alumina,  and  the  oxides  of  iron  and  manganese. 

101.  Staurolite,  crossHBtonCf  or  gnmatitOy  is  a  bisilioate  of 
aluraine  and  oxide  of  iron. 

Among  the  silicates  containing  yttria  and  protoxide  of  cerium 
are  the  gadolinite,  a  very  dark  green  mineral  of  a  shining  lustre, 
as  hard  as  quartz,  found  at  Ytterby,  in  Sweden  ;  allanite,  a  brown- 
ish, shining  mineral,  from  Greenland  ;  cerite,  of  a  reddish-brown 
or  crimson  colour,  found  massive  and  disseminated  ;  orlhite,  which 
resembles  gadolinite,  but  occurs  in  thin  veins  in  granite,  and  con- 
tains, besides  yttria  and  oxide.x>f  cerium,  oxide  of  manganese, 
alumina,  lime,  and  water ;  and  the  yariety  called  pyrotthite,  which 
inflames  before  the  blowpipe,  containing  one-fourth  of  cari>on. 

103.  The  silicates,  containiner  oxide  of  glucinum,'(glucina,) 
constitute  a  division  of  gems,  including  the  emerald.  The  emerald 
is  found  chiefly  in  Peru,  crystallized  in  regular  hexaedral  prisms, 
of  a  fine  ^ri^en  colour,  which  it  derives  from  oxide  of  chrome.  The 
beryl  occurs  in  primitive  rocks  in  various  parts  of  the  world,  but 
especially  in  Siberia,  resembling  in  the  form  of  its  crystals  the 
emerald,  but  of  a  pale  green  or  blue  colour,  containing  oxide  of 
iron,  instead  of  oxide  of  chrome*  Very  large  beryls  have  been 
found  at  Limoges,  in  France,  and  at  Aekworrh,  In  New  Hamp* 


euclaae  is  a  rery  scarce  mineral,  found  in  Peru  and  Braail^  of  a 

pale  or  bluish-green  coloor,  crystallized  in  rhombic  prisms  ;  and, 
according  to  Berzelius,  consisting  entirely  of  silica,  alumina, 
and  glucina.  The  chrysoberyl,  or  cymophane,  occurs  crystallized 
in  tetraedral  prisms,  and  variously  modified,  of  a  pale  yellowish- 
green  colour;  and  it  is  an  aluminoas  silicate  of  lime,  coloured  by 
oxide  of  iron. 

What  peculiar  appoamnce  is  exhibited  by  the  dichroltat 

Wlmt  iH  itfl  chemical  composition? 
Wliut  are  ihe  characters  of  gadolinite  1 

What  peculiarity  l^elongs  to  pyrorthite  1  Where  18  the  emeisld  ftupd  f 
In  what  localities  is  the  beryl  found  f 


shire;  some  ciystals 
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1113.  LaznlUe,  or  lapis  lasuli,  is  the  minml  which  furnishes 
tlie  pisment  called  ultramarine ;  aocordingr  to  an  analysis  of  Kla- 

proth,  It  contains  silica,  alamina,  lime,  sulphate  of  lime,  and  oxide 
of  iron,  to  which  last  it  was  supposed  to  owe  its  azure  colour ;  but 
it  appears,  from  the  more  recent  researches  of  Gnnelin,  that  ultra- 
marine is  a  double  silicate  of  alumina  and  soda,  coloured  by  com- 
binintr  willi  sulphuret  of  sodium,  and  it  has  accordingly  been 
artificially  manufactured  in  France,  in  large  quantities.  Lapis 
lazuli  is  fuund  in  rolled  pieces,  in  Taiioas  oriental  ipountries. 
Haiiyne,  or  latialitet  is  a  mineral  of  somewhat  analogous  compo- 
sition, coQtalnhig,  according  to  Vanquelln,  sil ica,  alumina,  lime« 
mod  sulphate  of  potash,  with  a  small  quantity  of  oxide  of  iron,  and 
a  considerable  proportion  of  some  volatile  matter.  It  exhibits 
varion?^  shades  of  blue,  and  is  found  imbedded  in  basaltic  and 
feldspathic  rocks,  in  granular  oOncieiioaa,  and  also  crystallized  ia 
rhombic  dodecaedrontJ. 

104.  Sodaliie,  so  named  from  it^  containinpr  a  large  ■proporLiou 
of  soda,  amounting  to  a  luuriii  part  of  the  mineral,  is  of  a  dark 
green  colour,  massive,  or  crystallized  in  rhomboidal  dodecaedronsy 
imbedded  in  white  feldspar.  It  has  only  been  found  ia  West 
Greenland,  and  since  on  Moant  Vesuvins.  Eadialyte  is  a  silicale 
of  soda,  lime,  and  zirconia,  with  oxide  of  iron,  oxide  of  manganessy 
muriatic  acid,  and  water. 

105.  The  tourmalines  and  schorls,  with  thnr  varieties,  might 
be  placed  with  the  Iioraies,  as  they  contain  boracic  acid.  The 
mbellite  is  a  i)evtutiful  variety  of  tlie  tourmaline,  of  a  pale  piuk 
colour,  sfjineUiiies  imbedded  in  quartz.  One  of  the  finest  speci- 
mens known  of  lius  niiueral,  in  wiiich  the  crvstaib  are  arrdngcd  in 
a  radiated  form,  is  preserved  in  the  British  Musenm*  There  are 
also  red  and  blue  varieties  of  the  mbellite,  chiefly  from  Massa*- 
chasetts,  and  from  Siberia;  flesh*coloared  tourmalines  are  found 
at  Rozena,  in  Moravia ;  to  which  may  be  added  the  dark  green 
yariety,  called  the  Brazilian  emerald ;  and  the  asparagus  green  In 
dolomite,  from  Campo  Lon^fo. 

106.  Common  sr-hnrl  orcurs  in  black  a cicular  crystals,  distinct 
and  aggregated,  imbedded  ni  quartz  or  feldspar.  Black  schorl  is, 
in  various  forms,  found  abuudamiy  disseminated  through  the 

granites.  A  specimen  of  green 
tourmaline,  analyzed  by  Gme- 
lin,  was  found  to  contain,  be- 
sides silica  and  alumina,  oxides 
of  iron  and  manganese,  boracic 
acid  and  lithion ;  red  tourmaline 
was  found  to  be  an  aluminous 

What  ia  the  constitution  of  lapis  lazuli  ? 

What  advantage  has  arisen  from  an  aoeuiate  aaalyaia  of  Ihia  minsral  f 

In  what  situations  is  latialtte  found? 
What  is  Bodaliie  and  eudialilc? 

In  what  class  of  bodies  are  we  to  place  ihe  tourmalines  and  ackorls  ? 
What  oonaiitaenfa  did  Gmelm  Ibid  in  green  tourmaline  f 
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•iMeate  of  potash,  and  oxide  of  manganese,  with  boracic  acid  and 
lithioo;  and  Maek  schorl  contains  siliea,  alumina,  potash,  soda, 
oxides  of  iron  and  manganeso,  and  boracic  acid  and  magnesia. 
Axlnite  is  a  mineral  of  somewhat  analogous  composition,  cont^n* 
ing  silica,  alumina,  lime,  and  the  oxides  of  iron  and  mangranese. 
It  occurs  in  thin  flat  crystals,  the  primitive  form  of  which  appears 
to  be  a  right  prism  with  a  rhombic  basis,  of  a  clove-brown  colour, 
sometimes  very  pale,  and  sometimes  approachinqr  to  ^ray.  Beauti- 
ful large  transparent  crystals  are  found  at  Bourg  rOisaos,  in 
Dauphine,  in  France. 

107.  The  topaz  family  constitutes  an  abundant  division  of  tlie 
minerals,  contaminjr  silica  and  alumina :  and  from  the  large  pro- 
portion of  flaoricactd,  which  they  also  generally  afford,  they  might 
perhaps,  without  impropriety,  he  reelioned  among  the  flnorides. 
The  characteristic  co^ur  of  the  topaz  is  yellow,  out  this  gem  is 
also  found  pink,  blue,  or  colourless.  It  is  found  crystallized,  in 
rhombic  prisms,  with  pyramids,  variously  modified,  and  its  cross 
fracture  is  always  foliated.  The  topaz  is  said  to  be  the  most 
widely  distributed  among  the  precious  stones,  occurring  not  only 
in  Brazil,  but  also  in  New  South  Wales,  in  Siberia  and  various 
other  parts  of  Asia,  in  Saxony,  in  Scotland,  and  at  St.  Michaers 
Mount,  in  Cornwall. 

108.  The  pyrophysallte  is  found  of  a  menish-white  colour,  In 
irregular  prisms,  imbedded  in  quartz.  The  pycnite,  formerly  con- 
sidered improperly  as  a  variety  of  the  beryl,  occurs  in  thin,  pris- 
matic concretions,  which  are  sometimes  hexagonal,  exhibiting 
either  a  pale  lilac,  a  sulphur  yellow,  or  a  \ig\^t  straw  colour. 
These  two  last  mentioned  minerals,  like  the  topaz,  are  compounds 
of  alumina,  silica,  and  fluoric  acid. ' 

Oxide  tf  Titanif$m  and  TUanatea. 

109.  Titanium  is  found  in  the  state  of  oxide  in  va'^inns  pnrts  of 
the  world,  either  in  alluvial  strata,  or  imbedded  and  crystallized. 
Rutile,  or  rutilite,  also  called  titan  schorl,  is  a  brownish-red  mine- 
ral, with  a  semi-metallic  lustre,  which  occurs  massive,  and  in  rhom- 
bic tetraedral  prisms;  it  is  also  found  in  capillary  crystals,  often 
curved,  and  crossingr  each  other  in  all  directions.  Acleular  and  ca- 
pillary crystals  of  rutile  haire  been  found  inclosed  in  rock-crrstal, 
in  Brazil  and  elsewhere.  This  mineral  appeare  to  consist  or  per- 
oxide of  titanium.  Anatase,  or  oetaedrtte,  which  is  found  in  blue 
or  party-c(^oured  long  octaedral  crystals,  at  Bonrg  POisans,  ge- 
nerally associated  with  quartz,  and  adularia,  is  a  protoxide  of  tita- 
nium. 

110.  Spfiene,  or  tUanite^  is  a  combination  of  the  oxide  of  tita- 

What  18  the  composition  and  character  of  axinite  f 

What  two  ingredients  constitute  the  chief  part  of  the  topaz  minerals f 

What  is  the  composition  of  pyrophysalito  and  pycnite? 
What  ia  th«  chemical  nature  of  rutilite  ?<-of  anatase  ? 
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Bium  with  iiliea  and  lime,  whieh  imbedded  in  Teiy  dbliqae 
tetraedral  prisms,  with  diedral  terminations,  wedge-shaped  in 
each  diieetiOD.  Among  the  Tarietiee  of  this  mineral  are  those  call- 
ed brown  and  yellow  menachan  ore,  in  large  crystals,  found  at 
Arendahl,  in  Norway  ;  and  pale  g^reen  crystals,  containing  chlo- 
rite disseminated  throiiorh  them  from  Mount  St.  Gothard.  Pyro- 
chlore,  from  Fredriksvarn,  in  Norway,  is  a  com])ound  of  titanate 
of  lime  with  titanate  of  uranium.  Nigrine  is  of  a  velvet-black 
colour,  and  is  found  in  rounded  and  angular  grains,  having  a 
8emi*metallie  Instre*  Iserine  and  menachanite  haye  the  appear- 
anee  of  hlaek  eand,  eligluly  magnetic.  These  thxee  last  men'* 
tioned  minerale  appear  to  consist  chiefly  of  the  oxides  of  titanium 
end  iron ;  though^  according  to  Dr.  Thomson,  iserine  contains  also 
a  considerable  proportion  of  silica,  with  some  alumina  and  oxide 
of  uranium.  Crichtonite  is  a  silicate  of  titanium,  whi(^  is  fonnd 
in  small)  black>  shining  crystals  with  anatsfte, 

• 

Columhic  Acid  and  Columbatea, 

111.  TaniaUit^  or  eoluvnbitt^  is  a  mineral  of  a  hlack  colour, 
which  erystallizes  in  oblique  rhomboidal  prisms,  and  which  is 
Tory  rare,  having  only  been  found  in  North  America  and  in  Bava- 
ria.   It  appears  to  consist  of  the  oxides  of  columbium,  iron,  and 

manganese.  Yttrotantalite,  found  at  Ytterbj^  in  Sweden,  is  com- 
posed of  oxide  of  coUiMibiuiii,  yttria,  and  iron.  Amonrr  the  mine- 
rals which  contain  the  oxide  of  columbium  are  also  the  &nbo  and 
(be  brodbcHtantaUtes  of  Berzelius. 

Jlntimmic  Oxide  or  Jtcid,  and  Antimoniates, 

119.  Among  the  oxides  of  antimony  are  antimony  ochre,  a 
itnw-coloured  mineral,  often  coating  grey  antimony,  which  eva* 

porates  before  the  blowpipe  without  meltinrr;  and  white  antimony 
which  occurs  in  tetraedral  flat  crystals,  or  in  tufts  of  delicate 
fibres,  on  quartz,  galena,  &c.  Red  antimony,  found  in  fine  capilla- 
ry crystals,  stellated,  of  a  red  or  tarnished  purple  colour,  is  a 
combination  of  the  oxide  of  this  metal  with  the  sulphuret ;  and  an 
argentiferous  variety,  of  a  fibrous  texture,  and  reddish-brown  co* 
lour,  called  tinder  ore,  la  found  in  the  Haita  mines,  in  Germany. 

113.  Tungsten  is  found  only  hi  such  a  state  of  union  with  ozy* 
gen  and  other  bodies,  as  to  constitute  mineral  salts  called  tang- 

What  i»  the  composition  of  sphene  ? 

What  compound  of  titanium  it  Ibund  hi  Switaerland  t 

What  ingredipnr5;  enter  into  the  mineii^  iserine f 

Where  is  columbite  found  ? 

What  oxides  of  antimony  are  Ibund  in  nature  ? 

Where  ia  tinder  ore  obtained? 
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States ;  the  compound  of  this  metal  with,  oxygen,  as  it  occurs  natu- 
rally, having  the  properties  of  an  acid,  and,  as  such,  entering  into 

combination  with  the  oxides  of  certain  other  metals. 

114.  The  tungstate  of  lime  {scheelin  calcaire  of  Haiiy,)  al^  na- 
named  scheelite  or  tungsten,  and,  from  its  great  specific  gravity, 
heavystone,  is  a  whitish  or  yellowish-brown  mineral,  which  is 
found  massive,  or  crystallized  in  octaedrons,  coating  other  sub- 
Stances, in  England,  Prance,  Saxony,  Bohemia, and  Sweden.  Spe- 
cimens of  the  primitiye  (octaedral)  crystal  of  this  metallic  Mlt  are 
obtained  at  Allemont,  in  Danphine.  The  tnn^state  of  ifon  and 
manganese  called  wolfram,  occurs  in  the  massive  form,  or  crys- 
tallized in  telraedral  tables,  variously  modified  ;  hard  and  brittle, 
of  a  colour  almost  black,  and  a  metallic  lustre,  hut  it  soon  tar- 
nishes; itabounds  in  Cornwall,  and  is  generally  found  in  conjunc- 
tion with  the  ores  of  tin,  in  j)riniilive  formations.  The  only  other 
native  tun^state  hitherto  discovered,  is  that  of  lead,  occuring  at 
Ziaiiwald,  in  Bohemia,  and  which  was  fonaerly  mistaken  for  a 
molybdate  of  lead* 

Mofybdie  Jmd  and  MdyMitu. 

115.  Molyhdena^  like  tnn^ten,  forms  an  acid  with  oxygen,  and 

mineralizes  other  metals. 

Ochry  Molybdena,  which  is  found  in  Sweden  and  elsewhere,  in 
the  state  of  a  yellow  powder  incrustingr  feldspar,  or  the  native 
sulphuret  of  molybdena,  appears  to  consist  of  the  acid  of  this 
metal.  Molybdate  of  lead  occurs  massive,  disseminated,  and 
foliated,  or  in  lamellar  hexaedral  crystals,  exbitioff  various  tints 
of  yellow.  It  was  first  found  in  Carinthia,  and  has  been  sinee  met 
wiui  in  Hungary,  Austria,  Saxony,  Mexico,  and  Massaehnsettiy 
frequently  imbedded  in  quartK* 

CArom/e  JSidd  and  ChmmaUB* 

116.  Chrome^  or  chromium^  is  another  acidifiablo  metal,  though 
the  chromic  acid  has  not  yet  been  found  in  a  native  state. 

Protoxide  of  chrome  has  been  discovered  in  the  department  of 
the  Rhone,  in  France,  forming  a  green  incrustation  on  other 
minerals,  and  it  constitutes  the  colouring  matter  of  the  emerald. 

117.  Chromate  of  lead,  or  Siberian  red  lead  ore,  occurs  in  the 
gold  mines  of  Uercsof,  ia  a  kind  of  micaceous  rock,  mingled  with 

In  what  stale  does  tungrten  oecur  in  nature  f 

What  properties  does  iis  compoimd  with  oxygen  pCMMMit 

Bv  what  names  is  the  tungstate  of  lime  known? 

Where  is  tungstate  of  iron  met  with  ? 

What  other  salt  of  tungatic  acid  luu  been  discovered  t 

What  is  the  character  of  the  compoMn<l  of  molybdena  and  03qf||eilt 

What  is  the  chemical  nature  of  ochry  molybdena  ? 

In  what  fi>rm  does  molybdate  of  lead  pntent  ilaelft 

In  what  nUnend  is  proioiide  of  ehrome  diaooveiedt 
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particles  of  quartz  and  brown  ironstone,  forming  prismatic  crystal* 
of  a  deep  orange  colour,  and  sometimes  accompanied  by  small 
green  crystals.  Which  are  supposed  to  he  ehromte  of  lead,  or  a 
emnpoimd  of  the  oxides  of  ehronie  and  lead*^  Yaaquelinite,  a 
mineral  accompanying  the  red  lead  ore  of  Siheria,  is  a  chromate 
of  lead  and  copper.  Chromate  of  iron,  containing  also  alumina 
and  silica,  has  been  found  in  France,  in  Maryland,  and  also  in 
some  places  in  Siberia,  massivoy  or  ia  octaedral  ciystalsy  of  a 
black  or  hloish-black  colour. 

Fanadic  Sdd  and  Vanadiates, 

lid.  Vanadium  being  one  of  those  metals  that  oombine 
oxygen  in  different  proportion8»  forming  acids  as  well  as  oxideSy 

it  enters  into  union  with  the  oxides  of  other  metals. 

This  metallic  substance  was  discovered  in  1830,  by  Sefstrom, 
a  Swedish  chemist,  in  a  kind  of  iron  ore  found  atTabergr,  in  Smo- 
land,  but  it  has  not  been  ascertained  in  what  state  the  vanadium 
exists  in  that  ore.  Shortly  after  the  metal  had  been  observed  in 
Sweden,  Mr.  J.  W.  F.  Johnston,  of  Edinburgh,  found  the  vana- 
diate  of  lead  in  a  mineral  fromtiie  mines  ot  Wanlock  Head,  in 
which  the  vanadium  constituted  the  principal  electro-negatiye  ia* 
gredient,  though  chlorine,  and  Uie  arsenic  and  phosphoric  acids 
were  likewise  present*  There  are  at  least  two  varieties  of  the 
Wanlock  Head  mineral ;  the  first  resembling  arseniate  of  lead, 
occurring  in  mammillary  tufts  on  the  surface  of  calamine,  and 
sometimes  passing  into  the  chrystalline  form;  the  other  found 
amorphous,  or  in  small  round  spots,  of  a  black  colour,  like  oxide 
of  manganese,  coating  the  calamine,  or  dispersed  in  cavities.  Pro- 
fessor Del  Rio  had  previously  found  the  Tanadic  acid  combined 
with  oxide  of  lesdt  in  brown  lead  ore,  from  Zumpan,  in  Mexico, 

Boradi  Md  and  Borates, 

119.  Bnranc  acid  is  found  existing  in  nature  in  the  liipari 
Islands,  and  likewise  in  the  hot  springs  of  Sasso,  in  Tuscany, 
whence  the  term  sassoline  has  been  applied  to  it  by  some  mineral- 
ogists. It  occurs  likewise  in  light  crusts  on  substances  in  the 
neighbourhood  of  extinct  volcanos. 

1»0«  Borax^  called  also  tincal,  is  a  natlTe  borate  of  soda,  fomd 
in  Tbibet,  Persia,  Tnseany,  and  it  is  said  also  in  Peru  and  China. 
Bmradte^  or  borate  of  magnesia«  occurs  crystallised  in  cubes,  and 

With  which  of  the  metala  does  chromic  acid  combine  ? 

Where  m  the  United  States  does  chromate  of  iron  occur  ? 

By  whom  was  wiadium  fint  eondarivety  shown  to  be  a  distinct  stoOMntl 

In  what  combinations  was  it  found  by  ^eAtrom  f 

Where  hnve  vanadiates  of  lead  been  di«rovere4f 

In  what  regions  is  native  boraeic  acid  found  | 

What  ohcmieal  oompouad  is  nativB  borax  f - 

^  Hejppr^  of  Ahe  Bjruish  AMQciation  Ibr  183S;  jp.  470* 
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variously  modified,  of  a  li^ht  gray  colour,  opaque  or  translucent, 
and  the  crystals  are  found  imbedded  in  gypsum  near  Kiel  in  Hol- 
stein,  and  at  Luneberg  in  Hanover.  Uataliie,  a  mineral  of  a  pale 
greeniftli-white  colour,  massive  or  crystallized  in  cubes,  sometimea 
modified,  is  found  at  Aiendah),  in  Norway ;  wiience  also  is  ob- 
tained a  globular  fibrous  variety  called  botryolite:  both  these 
minerals  contain  boracic  acid  combined  with  silica  and  lime. 
V 

CarbonateB* 

131.  Carbonate  of  soda  Is  found  in  some  mineral  waters,  and 
most  abundantly  in  the  lake  called  LagnnillB,  in  Venezuela,  from 
which  the  salt  is  procured  as  an  article  of  commerce.  A  combi- 
nation of  the  carbonate  and  bicarbonate  of  soda  is  obtained  in  large 

<|uan titles  in  the  saline  state,  from  the  oasis  of  Gadamis,  west  of 
Fezzan,  in  Africa,  where  it  is  called  trona.  According  to  an 
analysis  made  by  Mr.  Richard  Pliillips,  it  consists  of  three  parts 
of  acid  and  two  of  soda,  and  hence  he  terms  it  a  sesc^ui-carbonate 
of  soda. 

123.  Strontianite  is  a  rare  mineral,  of  a  greenish  colour,  found 
in  radiated  masses,  and  sometimes  in  acictuar  hexaedral  crystals, 
(psnerally  imbedded  in  earthy  baryteSf  and  associated  with  galena ; 

It  was  nrst  obtained  from  Strontian,  N.  B.,  and  has  since  been 
discovered  in  Saxony,  in  Peru,  and  in  Pennsylvania.  Witherite, 

or  carbonate  of  barytes,  occurs  in  large  masses  in  diverging  fibres 
or  crystallized  in  hexaedral  prisms  and  pyramids  ;  forming  some- 
times beautiful  groups  of  double  pyramidal  crystals,  the  primitive 
form  of  which  is  an  obtuse  rhomboid.  It  has  been  found  in  Lan- 
cashire, and  other  northern  counties  of  England,  and  also  in 
Shropshire  and  in  Wales.  Baryto-calcite,  is  a  compound  of  the 
carbonates  of  barytes  and  lime,  which  occurs  in  Cumberland,  and 
was  at  first  supposed  to  be  a  variety  of  carbonate  of  barytes,  but 
it  differs  in  crystallization,  its  primitive  form  beingr  an  oblique 
rhombic  prism. 

123.  Carbonate  of  lime. — This  division  of  the  carbonates  com- 
prehends the  multifarious  varieties  of  calcareous  spar,  marble, 
chalk,  and  limestone,  many  of  which  are  much  more  interestino-  in 
a  geological  than  in  a  mineralogical  point  of  view,  and  therefore 
will  here  require  but  a  brief  notice. 

134.  Arragonite  is  a  mineral  of  a  white  colour  with  a  pearly 
lustre,  and  sometimes  with  a  reddish  hue,  which  occurs  in  hqKae- 
dral  crystals,  aggregated,  grouped,  or  imbedded  in  gypsum,  also 
erboiescent,  dendritic,  or  stalactitic,  and  likewise  in  acicular  fibres, 
one  variety  of  which  has  been  called  flos  ferri,  from  its  resemblance 

What  is  the  composition  and  form  of  boracite  f  Whence  is  it  Ibnnd  f 

Wherf?  is  native  carbonate  of  soda  found? 
In  what  locahty  does  the  sesqni-carbonate  occur? 
What  is  the  appearance  of  carbonate  of  atrontia? 
How  does  witherite  crystallize  ? 

What  classes  of  familiar  substaitceB  are  among  the  Carbenatas  of  iimst 
What  is  the  external  appearance  of  arragomte  ? 
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to  a  delicate  white  flower.  It  has  been  found  in  Arragon,  Bohemia, 
Styria,  and  France.  Some  specimens  are  found  to  contain  three 
or  four  per  cent,  of  carbonate  of  atrontian. 

125,  Caleareons  spar  is  a  carbonate  of  lime  in  transparent  crys- 
tals, the  primitive  form  of  which  is  a  rhomb,  nassingr  into  almost 
innumerable  varieties ;  its  colour  is  various,  but  it  generally  ex- 
hibits li^ht  lints.  Among  the  siiH-vHrietips  may  be  mentioned  the 
dogtooth  spar,  with  double  hr\;i(Mlr;il  pyramids,  joined  at  their 
base,  and  the  short  hexaedral  prismatic  crystals  turned  so  that  the 
lines  of  the  pyramids  correspoud.  This  mineral,  frequently  called 

the  Iceland  spar,  is  peculiarly 
interesting,  as  haytng  furnish- 
ed the  means  for  the  discovery 
of  the  double  refraction  of 
light.  It  is  found  in  Icelandy 
in  the  Hartz  mountains  of 
Germany,  and  in  Derbyshire, 
where  it  occurs  in  large  crys- 
tals, of  a  topaz-yellow  colour; 
and  that  kind  called  fontaine- 
bleau  sandtitune,  contains  a 
efmslderable  admixture  of  quarts* 

196.  Stalactitic  limestone,  formed  by  deposition  from  the  water 
of  springs  holding  carbonate  of  lime  in  solution,  is  of  various 
colours,  as  white,  green,  and  brou  n,  sometimes  in  the  form  of 

long  tubes,  in  that  of  icicles,  botryoidal 
masses,  and  a  variety  of  other  figures,  one 
of  which  is  reprpsnnted  in  the  margin.  It  is 
frequently  found  pendant  from  the  roofs,  or 
incrusting  the  walls  of  caverns,  as  in  Derby- 
shire, the  Island  of  Sky,  St.  Michael's  Cave, 
Gibraltar,  in  the  famous  Grotto  of  Antlparos 
in  the  Archipelago,  and  in  the  Mammoth 
Cave  of  Kentucky.  J^atin  spar  is  a  fibrous 
variety  of  carbonate  of  lime,  oi  a  snow-white, 
bluish,  or  green  colour,  which  has  derived 
its  name  from  its  peculiar  pearly  lustre,  and 
which  is  found  in  Cumberland  and  in  Swe- 
den. 

127.  Tliose  limestones  which  admit  of  being  finely  polished,  are 
generally  termed  marbles,  of  which  there  are  a  great  many 
varieties.  The  white  granular  limestone,  or  marble  of  the  primitive 
rocks,  which  is  the  most  highly  esteemed,  is  to  be  distinguished 
froqi  the  secondary  limestone  by  the  entire  absence  of  organic  xe» 

Whnt  is  the  r>rimitive  crystalline  form  of  calcareouB  apart 
What  is  the  form  of  dogtooth  spar  ?     '  ^ 

What  optical  phenomeiHHi  waa  originally  diaooveied  by  means  of  ioe* 
land  spar? 

How  ia  stalactite  limestone  produced  ? 
Whance  ia  the  term  satin  spar  derived  ? 
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mains,  by  its  ^ranularly  foliated  structure,  and  by  its  association 
with  other  primitive  substances.  The  most  valuable  kind  of 
Btatoary  marole  is  the  Parian*  and  that  of  Mount  Pentelicna,  near 
Athena,  of  whieh  are  formed  aome  of  the  finest  existing  acalpturea 

of  antiquity.  The  marble  of  Carraia«  in  Italy,  is  also  celebrated 
for  its  beauty,  having  been  much  employed  by  sculptors.  It  is. of 
a  milk-white  hue,  and  less  crystalline  than  the  marble  of  Paros. 

128.  Many  of  the  varieties  of  fig-ured  and  coloured  marbles 
are  extremely  beautiful,  deriving  their  characteristic  peculiarities 
from  the  admixture  of  various  foreign  bodies.  Tfiere  is  a  kind  of 
marble  found  in  Tirey,  one  of  the  Western  I?>lands  of  Scotland, 
of  a  reddish  colour,  which  contains  sahlite,  and  probably 
titaninm  imbedded.  Cipolin  is  a  sort  of  stataaiy  marble^  with 
veins  of  mica,  firocateila  is  a  breecia  limestone,  composed  of 
fragments  of  a  yellowish-red  and  purple  colour,  cemented  by 
similar  transparent  calcareous  spar.  Verde  Anticho  and  Verde  di 
Corsica,  are  composed  of  compact  limestone  and  calcareous  spar, 
with  serpentine  and  asbestus;  and  of  a  similar  nature  is  the  va- 
riety called  Mona  marble. 

129.  Florentine  marble  is  a  grayish  compact  marble,  with  ar- 
gillaceous earth,  exhibiting  designs  of  landscapes  or  ruins, in 
yellowish-brown  tints.  Lnmaeheila  inaurble  ifl  a  compact  lime- 
stone, of  a  brownish-gray  colour,  in  which  shells  are  imbedded. 
LucuUite,  or  black  marble,  containing  carbonaceous  matter,  is 
used  for  ornamental  architecture  and  other  purposes.  Madre- 
porite,  or  prismatic  lucuUite,  is  so  called  from  its  resemblance 
in  structure  to  madrepores.  Swinestone,  or  fetid  limestone,  is  a 
variety  containing  bitumen  in  various  proportions,  whence  it  de- 
rives a  fetid  odour.  Much  of  it  is  found  on  the  banks  of  the  river 
Avon,  near  Bristol,  Enyfland  ;  and  there  is  a  sectile  variety  met 
with  iuDalmatia,  said  to  be  about  the  consistence  of  soap. 

130.  Oolite,  or  roestone,  is  a  variety  of  carbonate  of  lime, 
which  derives  its  appellation  from  its  strai^re  and  appearance* 
being  composed  of  minute  globular  concretions*  of  a  yellowish* 
brown  or  straw  colour,  much  used  in  building,  nnder  the  names 
of  Portland  stone  and  Bath  stone.  Pisolite,  or  peastone,  some- 
what resembles  the  preceding,  but  consists  of  larofer  concretions, 
composed  of  concentric  layers  surrounding  grains  of  sand,  formed 
by  deposition  from  hot  springs,  as  at  Carlsbad,  in  Bohemia,  and 
at  Tivoli,  in  Italy.  Calcareous  tufa  is  an  earthy  carbonate  of  lime, 
of  a  porous,  spongy  structure,  forming  casts  or  incrustations  by 
deposition  from  water.  Casts  of  medals  have  thus  been  obtained, 
by  placing  Uiem  in  moulds  to  receive  the  spray  impregnated  with 
calcareous  particles,  and  incrustations  of  a  similar  nature  are 

How  is  primitive  distinguished  from  secondary  limestone  ? 
What  localities  are  celebrated  for  furnithing  the  finest  marble  f 

Wild!  is  the  nature  of  vordo  aiifiqnc  ? 
Wlint  peculiarity  docs  tho  FlonMitine  marble  present? 
What  occasions  the  odour  of  fetid  hmestone  ? 
What  is  the  appearance  of  Portland  stone  ? 

How  is  pisolite  formed  ?  What  imposition  is  practised  at  certain  £&• 
|[ljsh  mineral  sprifigB  by  means  of  calcareous  deposits  ? 
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obtained  from  Spring's  at  Mailock  and  at  Knoresborough,  where 
they  are  sold  as  petrifactions. 

131.  Chalk  and  its  varieties,  rock  milk  and  agaric  mineral, 
are  carbonates  of  time ;  and  marl  is  chiefly  composed  of  the  same 
substance  mixed  with  argillaceons  earth. 

Carbonale  of  magnesia. — Ma^nesite,  which  is  a  carbonate  of 
ma^esia,  generally  white  and  mable,  or  in  fine  acicularcrystsM, 
has  thus  been  found  in  Piedmont,  and  in  Moravia  ;  likewise  at 
Hoboken,  in  New  Jersey,  in  veins  in  a  serpentine  rock,  accompa- 
nying the  native  hydrate  of  this  earth  ;  and  a  variety  has  been 
obtained  from  the  East  Indies,  which  is  white,  massive,  hard,  of 
a  conchoidai  Iracture,  and  translucent  at  the  ed^es.  The  carbo- 
nate of  magnesia  more  frequently  occurs  combined  with  that  of 
lime,  as  in  the  dolomite,  which  is  of  a  snow  white  colour,  and 
ffanuiar  texture,  often  containing  realgar  and  pyrites.  A  variety 
of  dolomite,  found  in  Massachusetts,  and  elsewhere,  sxhibits  a 
considerable  degree  of  flexibility.  Rhomb  spar,  or  bitter  spar,  is  a 
mineral  of  a  yellowish  or  brown  colour,  which  occurs,  imbedded  in 
chlorite  schist,  in  the  Tyrol,  at  Saltzburg,  and  in  Sweden.  Miemite, 
tharandite,  and  pearl  spar,  are  varieties  of  magnesian  limestone. 

IS2.  Among  the  carbonates  of  iron  are  sparry  iron  ore,  of  a 
grayish  or  yellowish- white  colour,  crystallized,  lihrous,  massive, 
and  botryoidal;  which  last  yariety  has  been  termed  sphsero- 
siderite*  This  carbonate  has  been  found  in  Cornwall,  crystallized 
in  hexagonal  prisms,  but  its  more  usual  form  is  die  equ  iaxial  rhomb* 

Carbonate  of  manganese,  is  found  in  globular  or  botrvoidal  forms 
of  various  shades  of  rose  colour,  with  sulphuret  oi  manganese 
and  oxide  of  iron. 

Calamine,  or  rnrbonate  of  zinc,  is  found  in  tabulntod  crystals, 
generally  teLraedral,  and  in  acute  rhombs,  also  compact,  botryoidal, 
and  in  other  forms,  of  various  shades  of  colour,  generally  either 
green  or  brown. 

133.  Carbonate  of  lead,  or  sparry  lead 
ore,  exhibits  considerable  variety  of  form. 
The  compact  carbonate,  of  a  snow-white 
or  cream  colour  and  shining,  is  commonly 
associated  with  galena,  ft  is  also  found 
semi-translucent,  crystallized  in  donble 
hexajronal  pyramids  on  galena;  and  it 
•Tirplj^^^^^  occurs  in  fibrous  or  canicnlated  crystals, 
sometimes  coloured  by  green  carbonate 
of  copper.  The  earthy  or  pnlverulent 
varieties  are  of  a  brown  or  cream  co- 
lour. 

What  is  the  nature  of  marl? 

Wiih  what  o\hor  carbonate  is  that  of  magnesia  often  associated  I 
Whut  id  the  mineralugical  name  ofelaetic  marblet 
What  varietiea  of  magnesia,  limeatone  are  enumerated  t 
What  is  the  appearance  of  carbonate  of  iron  ?— of  manganeeef— of  sinol 
In  what  forms  does  carbonate  of  lead  occur  ? 
Vnud  colour  has  it  m  powder  ? 
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134.  Carbonate  of  coj>per  exhibits 
aome  lemaikable  varieties,  some  of 
which  have  been  used  as  pigments 
under  the  name  of  mountain  blue. 
Among  these  carbonates  are  the  vel? 
vet  copper  ore,  of  a  brilliant  light  blue 
colour,  found  only  at  Oravitza,  in  the 
Bannat,  forniincr  a  velvet  ini*rustation 
on  malachite  and  brown  ironstone.  The 
green  carbonates  include  fibrous  mala- 
chite, occurring  in  acicular  or  fascicular 
and  Stellated  ciystals,  and  dso  foliated;  compact  malachite  is 
found  massivet  mammilated,  with  a  zoned  fracture,  or  crystallized 
in  octaedrons  or  dodecaedrons,  detached  or  imbedded  in  red  cop- 
per ore.  This  ore,  of  a  beautiful  green  TcWet  exterior^  is  found  ui 
Berks  Q^,  Pennsylvania* 

Arsenious  Acid  and  drseniaies, 

135.  Arsenimts  acid. — This  acid  in  the  native  state  called  also 
arsenic  bloom  or  octaedral  oxide  of  arsenic,  has  been  often  con- 
founded with  arseniate  of  lime:  it  occurs  stalactitic,  in  delicate 
flat  crystals  or  io  silky  filaments,  of  a  white  colour,  incrusting 
other  minerals. 

136.  Pharmacolite  is  a  combination  of  arsenious  acid  and  liriie, 
found  in  capillary  crystals,  which  look  like  little  tufls  of  cotton. 
Arseniate  ot  iron,  or  pharmacosiderite,  is  found  chiefly  in  small 
cubic  crrstals  in  the  tm  mines  of  Cornwall,  and  in  other  parts  of 
the  world*  Skorodita,  which  appears  to  be  a  cupreous  arseniate 
of  iron,  is  found  in  minute  blue  or  greenish  rhombic  crystals, 
generally  accompanyinrr  the  preceding  mineral.  There  are  several 
varieties  of  arseniate  of  copper,  as  the  octaedral  arseniate  of  a  sky- 
blue  or  emerald-green  colour,  in  flat  crystals;  ilie  tabulated  arse- 
niate in  flat  hexaedral  crystals,  of  an  emerald  colour;  thetriedral 
arseiiiate,  of  a  blackish  or  shining  blue  colour,  crystallized  in  rhom- 
bic prisms,  sometimes  with  diedral  summits,  and  also  flat,  cor7ed, 
aggregated,  and  variously  modified ;  and  the  fibrous  arseniate. 

137.  The  arseniates  of  cobalt,  or  red  cobalt  ores,  comprise  the 
earthy  and  the  radiated  varieties,  the  former  of  which  is  a  soft, 
friable  mineral,  of  a  rose  colour,  sometimes  forming  very  small 
hotryoidal  concretions  in  the  cavities  of  gray  cobalt ;  and  the 
rafhciTed  variety  consists  of  delicate  acicnlar  crystals;  sometimes 
of  a  stellular  tio-ure,  fonnd  upon  other  minerals  in  Cornwall,  Scot- 
land, Saxony,  Hungary,  and  Norway. 

Arseniate  of  lead  occurs,  in  slender  hexagonal  crystals,  upon 
quartz  and  steatite,  in  Saxony,  Siberia,  and  especially  in  Com* 

How  does  carbonate  of  copper  cr]^8talli2e  ?  What  is  meant  by  malar 
ehiie  I  In  what  eittmUoiM  doea  araenious  acid  oocnr  in  nature  T 

What  is  the  naturo  of  pharmacolite  T 

What  aro  some  of  the  varieties  of  arseniate  of  copper  ? 

What  is  the  colour  of  the  arseniate  of  cobalt  ?   \Vhere  is  it  obtauied  ? 
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\^  ali.  There  is  a  reniform  arseniate  of  lead  in  lamellar  concretions, 
of  a  yellowish  colour,  found  in  Siberia, 

Fhosphatea, 

138.  The  phosphates  of  lime  incliuh^  some  Ynriptieg.  Apntiff* 
is  n  iiiitieral  of  a  grayish  or  green  col ntir.  crysLalii7-f d  in  hexnedral 
prisms  or  tables,  and  variously  moiliiird,  8oiue  specimens  are 
found  of  a  violet  colour:  the  trroeii  and  blue  varieties  are  called 
moroxite,  and  the  pale  yellow-green  asparagus-stone,  and  this 
phosphate  is  sometimes  found  of  a  snow-white  colour*  Pho8- 

Shoritei  formerly  supposed  to  be  of  the  same  composition,  with 
aor  spar,  is  a  phosphate  of  Ume«  generally  of  a  light  reddish 
brown  or  whitish  and  yellowish  coTour,  in  distinct  eoncrettonsy 
earthy  or  massive,  fotnul  in  Hangary  and  elsewhere. 

139.  Phosphate  of  lead,  or  pyromorpl  ite,  is  fofind  mrif^sivn, 
crystallized  in  hexaedral  prisms,  dendritic,  or  earthy  and  iViable, 
of  a  trreen  and  yellow  colour;  and  also  in  hexagonal  prisms  and 
acicular  crystals,  of  a  deep  oranjre  or  brown  colour. 

Phosphate  of  yttria,  or  phosjihy tlrite,  is  a  very  scarce  mineral^ 
first  found  in  granite,  at  Liudenas,  in  Norway ;  and  afterwards, 
in  similar  small  quantities,  at  Ytterby,  in  Sweden. 

140.  Phosphate  of  iron  occurs  in  rhombic  prisms,  strtatedf 
acuminated,  and  variously  modified,  of  a  ^een  colour ;  it  is  als» 
sometimes  found  of  a  blue  colour,  and  likewise  black.  These 
%'arieties,  except  the  last,  have  been  found  in  Cornwall  ;  the 
earthy,  blue  iron  ore,  and  wood,  peat,  and  clay,  impregnated  with 
this  mineral,  have  been  met  with  in  New  Jersey.* 

Phosphate  of  maniranese,  or  triplito,  is  a  mineral  of  a  shining* 
black,  or  brownish-black  colour,  which  inelts  before  the  blowpipe 
into  a  black  enamel. 

Phosphato  of  copper  has  been  fonnd  near  Colocrne,  in  Germany, 
of  a  p;reen  colonr,  in  small  rbomboidal  cryst^s.  Among  ih« 
Tarieties  of  this  phos^ate  may  be  specified  the  oU?e  malachitey 
or  octaedral  phosphate^  found  at  Lebethen,  in  Hungary ;  and  tli9 

prismatic  variety,  called  pseudo  mala^ 
chite,  from  Pheinbreitenbach,  where  it 
is  fotiiid  with  quartz,  soxnetimes  passing 
into  calredony. 

141.  l'ho?phate  of  alumina  appears  to 
form  the  basis  of  several  minerals,  the 
composition  of  wbieh^  howeTery  has  not 
been  perfectly  ascertained.  Among.tbese 
are  the  wavellite,  formerly  called  hydrar- 
gillite,  found  in  Devonshire,  Irelandt 
Bavaria,  Bohemia,  Greenland,  and  Brft* 

Enumerate  and  df^vrribe  the  native  phosphates  of  lime  ^ 
What  is  the  number  of  sides  in  prismatic  phoaplmte  of  lead  ? 
Whftt  variety  of  colour  does  it  exhibit  7   what  is  the  form  of  the  crys- 
tais  of  phosphate  of  iron  t  What  is  the  compositioii  of  wavellite  t 

*  Bee  Morton's  Organic  Remains,  p.  16. 
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forming  globular  concretions,  or  fibrous  and  radiated  groups  ; 
the  klaprothite,  called  also  blue  spar,  or  azurite ;  the  calaite,  or 
real  tuKj^uois,  an  opaque  gem  found  principally  in  the  proyinoe  of 
Khonaam  in  Perna,  imbedded  in  a  fermgino-argillaeeona  rock; 
the  kalu>xmf  a  rare  substance  fonnd  in  Bohemia,  in  the  fissnies 
9t  aigillaoeoaa  ironstone,  and  exhibiting  a  crystalline  fibrous 
structitre,  and  a  yellow  eoloor;  and  the  chiUBrenite*  fonnd  at 
Tavistock,  in  Devonshire. 

142.  The  phosphate  of  uranium  includes  the  yellow  uranite,  or 
uran  mica,  found  in  France,  in  thin,  quadrangular  crystals ;  and 
the  green  uranite,  or  chalcolite,  in  tetraedral  tables,  agraregated  and 
detached,  or  elegantly  grouped,  which  has  been  obtained  chiefly 
from  Cornwall  and  from  Saxony* 

NiiraLu. 

143.  Nitrate  of  potash,  or  native  saltpetre,  is  found  as  an  efflo- 
rescence, consisting  of  capillary  crystals,  incrustiug  chalk  and 
limestone  rock,  at  Pplo  di  Molfetta,  in  Apulia  in  Italy,  n^ar  Bur- 
806  in  Spain,  and  elsewhere.  In  the  vicinity  of  Emox,  in 
France,  nitre  is  collected  from  the  snriace  of  the  calcareous  soil 
several  times  in  the  year;  and  it  is  obtained  lareely  in  the  same 
manner,  for  the  purposes  of  commerce,  in  the  £a8t  Indies  and 
other  parts  of  the  world. 

Nitrate  of  lime  is  often  found  combined  with  that  of  potash,  and 
may  sometimes  be  observed  forming  silky  efflorescences  on  old 
waUs ;  it  likewise  occurs  in  some  mineral  waters. 

144.  The  sulphates  are  a  numerous  class  of  minerals,  including 
many  of  the  soluble  salts.  Sulphate  of  soda,  or  glauber  salt,  is 
frequently  found  as  an  efflorescence,  and  sometimes  in  acicular 
crystals,  near  mineral  springs  and  salt  lakes.  Thenardite  is  a 
hydrous  sulphate  of  soda,  found  in  crystalline  crusts  at  the  bot- 
tom of  the  brin)'  waters  at  the  Salines  d'Espartines,  in  the  neigh- 
bourhood of  Madrid,  Glauberite  is  a  mineral  composed  of  the 
anhydrons  sulphates  of  soda  and  lime,  fonnd  imbedded  in  salt 
and  clay  in  the  salt-mines  of  Yillambia  and  Araniuez,  in  Spain. 
Renssite  ia  a  sulphate  of  aoda,  combined  with  sulphate  of  mag- 
nesia. 

1 45.  Celestine,  pr  sulphate  of  strontian,  a  mineral  of  which  there 
are  seyeral  varieties,  is  fonnd  near  Bristol,  England,  in  Franco,  the 

Where  is  calaiic  found  ? 
In  what  localities  has  uranite  been  obtained  ? 
What  are  the  two  nitrates  which  occur  in  a  minerallimnf 
In  what  forms  does  the  sulphate  of  soda  occur  ? 
What  i«  the  mincralogical  name  of  sulphate  of  etrontiaal 
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Tyrol,  Spain,  Sicily,  and  in  PenDtylTanis.  It  oeew  of  a  sky- 
blaa  or  gray  colonrt  and  aoiiiettaies  of  a  white,  yellowislMvlii^ 
or  brown ;  maasiire  and  follatedy  in  tabnlailad  omtala,  in  radiatad 
fibres,  or  compact  in  hollow  balla,  with  internal  cryataltizations. 

146.  Sulphate  of  barytes,  or  heavy  spar,  exhibits  a  considerable 
variety  of  crystallization,  the  primitive  form  beingr  a  right  prism 
with  rhombic  bases.  U  forms  Inr^e  wax-like,  yeiiow  crystals, 
and  is  found  in  Cumberland,  at  Scbeiaiaiz  in  Hungary,  Claustiial 
in  the  Uartz,  Trayerselia  in  Piedmont,  and  elsewhere.  The  ra- 
diated or  stellated  variety  of  this 
snlohate  includee  the  Bologna atona 
of  Moate  Pateroo,  need  in  the  pre- 
paration of  the  Bolognian  pnos- 
phonis.  (See  nsarginal  figure.) 
To  these  may  be  added  the  beauti- 
ful variety  called  chain  spar,  from 
the  Harlz;  the  ribrous  and  the  granu- 
lar varieties;  the  prismatic  barytes, 
f^f  nerally  of  a  brown-yellow  colour; 
the  compact,  called  barytic  or  pon- 
deroofl  marble;  and  the  fetia  or 
hepatic  barytea,  of  a  amoke  colottTi 

which  oecnra  massiTe  and  nodular. 

147.  Sulphate  of  lime  is  found  in  abundance  in  France,  Spain, 
and  other  parts  of  the  south  of  Europe,  exhibiting  aome  Tarietiea, 
among  which  may  he  specified  selenite,  or  sparry  gypsum,  in 
hexagonal  {irisnis,  or  variously  modified,  sometimes  stained  of  a 
yellow  colour  by  oxide  of  iron;  lilnoni  g-ypsum,  opaijue  or  trans- 
lucent, of  a  snow-while  hue,  with  a  silky  lustre;  granular  gyp- 
sum,  or  alabaster ;  compact  gypsum,  white  or  variegated,  and 
with  red  and  white  TeinBy  which  Tariety  includea  the  atalagmitic 
gypsnm  of  Gnadalonpe.  Anhydroua  aulphate  of  lime,  (lifcewiee 
a^led  anhydrite,  cube-spar,  and  muriaeite«)  is  composed,  ae  its 
name  implies,  of  sulphuric  acid  and  lime,  without  water  f  and  it 
is  found  crystalline,  fibrous,  granular,  and  compact,  chiefly  of  a 
milk-white  or  bluish  colour.  Anhydrons  sulphate  of  lime,  con- 
taininfT  silica,  has  been  found  in  Iiily,  where  it  is  called  marrao 
bardiglio  di  bergamo,  and  by  Count  Bournon,  bardiglione;  and  a 
variety  occurs  in  the  salt  mines  of  Wieliczka,  in  Poland,  which, 
from  the  peculiarity  of  its  structure,  is  termed  tripe.stone.  Much 
of  the  gypsum  used  in  the  United  States  ia  import  from  NoTa 
Scotia. 

148.  'Suljf hate  of  magnesia,  or  Epsom  salt,  which  is  of  common 
occuTTence  m  mineral  wateia,  aa  those  of  Epsom  and  Cheltenham, 

In  what  part  of  the  United  Statcfl  may  thia  mineral  bem«t  witht 

What  is  the  primitive  ibrra  ot  sulphate  of  barytea  1 

What  aie  tome  of  the  varieties  in  the  form  and  other  chaFseten  of  this 

mneral  ?   fn  what  European  countries  is  sulphate  of  lime  found  I 

What  is  the  ''hprnif  iil  nature  of  alabastor? 

In  what  sUiiu  lu  sulphate  of  magnesm  olten  detected  f 
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IB  found  in  capillary  or  fibrous  crystals  at  Calatayud  in  Arra^on, 
and  in  the  mines  of  Idria;  and  what  is  called  stalactitic  cobalt 
tHriot,  fiM  HeiAnmnd,  In  Hungary,  is  meiely  sulphale  of 
magnesia,  tinted  red  by  oxide  of  cobalt. 

Polyhaltte«  formerly  supposed  to  be  anhydrous  sulphate  of  liine» 
appears  from  the  anamis  of  Stromeyer  to  consist  of  the  sulphates 
of  lime,  ma^esia  ana  potash,  muriate  of  soda,  and  oxide  of  iron, 
in  a  state  of  chemical  combination,  though  the  muriate  and  oxide 
occur  in  very  small  proportions. 

149.  Sulphate  of  zinc  is  a  semi-transparent  saline  mineral,  of 
a  orrayish  or  reddish- white  colour,  which  seems  to  be  proHuced 
from  the  decompositiuu  of  blende,  the  sulphuret  of  this  metal. 

Sulphate  of  iron,  copperas,  is  another  product  of  spontaneous 
decomposition,  being  deriyed  from  martial  pyrites,  and  appearing 
in  the  massiTe  forq^,  or  in  stslactitic  fibres,  yellow  scales,  or  red 
concretions. 

Sulphate  of  cobalt  is  a  soluble  saline  body,  of  a  pale  rose  or 
^  flesh  colour,  and  of  an  earthy  texture,  usually  in  the  stalactitic 
form,  found  in  the  Hartz  mines  and  elsewhere. 

Sulphate  of  copper  is  found  in  crystals  of  a  fine  blue  or  puxple 
colour,  but  rarely  of  any  considerable  size  or  perfect  form. 

Sulphate  of  lead  occurs  crystallized  in  cuneiform  octaedrons, 
Taiiously  modified  or  aggregated,  imbedded  in  cellular  quartz, 
tinged  by  oxide  of  iron.  Translucent  crjrstals,  of  a  yellowish* 
gray  colour,  hare  been  obtained  from  Parys  Mountain,  in  the  Isle 
of  Anglesea. 

150.  Sulphate  of  alumina  displays  some  variety  of  form  and 
composition.  Native  alum  is  found  crystallized,  fibrous,  and 
in  other  states,  in  various  places;  aluminite,  or  websterite,  is  a 
hydrated,  subsulphate  of  alumine,  mixed  with  sulphate  of  lime, 
resembling  pure  porcelain  earth,  found  on  the  coast  of  Sussex, 
near  Newhaven,  and  at  Halle,  in  the  territory  of  Magdebourg. 
Alumstone,  likewise  called  aluminite,  or  alonite,  occurring  in 
a  hill  at  Tolfi^  in  the  Pope^s  dominions,  contains  potash  as  well 
as  sulphuric  acid  and  alumina ;  and  from  this  mineral  is  prepared 
Roman  alum.  Alumstone,  in  an  efflorescent  fonui  is  met  with  in 
some  parts  of  the  United  States* 

Fluorides, 

151.  The  flnor  minerals,  formerly  reprarded  as  fluates  or  combi- 
nations of  an  acid  with  oxidated  bases,  have  been  ascertained  to 
consist  of  the  electro-negative  body  fiuorinei  united  with  difierent 
metals* 

What  is  its  cryttalline  form  ? 

What  ia  the  oomposition  of  polyhalite  t 

How  are  the  sulphates  of  zinc  and  iron  lup|KMMd  tO  bs  piodooed? 
How  does  sulphate  of  lead  crystallize  ? 
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Haor  spar,  eminou^  nam-' 
ed  fluate  of  lime,  is  a  fluoride 
of  calcium,  found  in  several 
parts  of  the  world  and  exhi- 
biting various  forms  and  co* 
lours.  It  occurs  compact,  fo- 
liated, crystallized,  granular, 
and  earthy  :  from  Chamouay 
are  obtained  rose-coloured 
dyatals;  from  Siberia,  avarip 
ety  called  chlorophaiiey  which 
emita  a  brilliant  green  light  when  heated ;  and  there  is  a  figuied 
variety  called  fortification  iluor.    (See  marginal  figure.) 

Yttrocerite,  a  violet-colonied  miDeral,  found  imbed  dea  in  qnartz, 
at  Ytterby,  in  Sweden,  is  a  combination  of  the  fluoridea  of  cal- 
cium, yttrium,  and  cerium* 

■ 

162.  Cryolite,  is  a  mineral  found  in  West  Greenland,  which 
derires  its  name  from  its  extreme  fusibility,  melting  like  ice:  it 
appears  from  the  analyses  of  Vauquelin  arid  JBerzelius,  to  be  a  com- 
pound of  fluuiie  acid,  alumina,  and  sutia.  It  is  of  a  colour  ap- 
proaching to  white,  translucent,  amorphous,  having  a  foliaM 
nactnie,  and  aofWr  than  flaor  apar. 

Ckiorides, 

^  153.  The  chlorides  are  an  important  class  of  minerals,  the  nap 
taw  of  which,  ltk»  that  of  the  fluorides,  waa  tomorly  greatly  mia- 
apprehended* 

154.  Chloride  of  sodium, long  known  to  chemiatahy  the  appel* 
lation  of  muriate  of  soda,  is  not  only  found  moalabandantly  mao- 

lution  in  sea-water,  brine  springs       but  also  occurs  in  vast  massea 

in  the  state  of  rnck-fsalt,  at  Cordova  in  Spain,  Wielic-zka  in  Poland, 
in  Hungary,  Siberia,  Afrien,  and  the  Andes  of  South  America,  and 
on  the  salt  bluffs  and  prairies  west  of  the  Mississippi.  It  crystal- 
lizes in  cubes  ;  and  amontr  its  varieties  are  the  fibrous,  red,  blue, 
and  violet,  and  the  staidcliiical  rock-salt. 

Chloride  of  ammonium,  or  rather  muriate  <^  ammonia,  native 
aal  ammoniac  is  found  chiefly  in  the  Ticinity  of  Tolcanoa. 

What  is  the  true  chemical  nature  of  fluor  spar  ? 
Whnt  rombination  of  substances  exist  in  yttiocerito  t 
What  is  the  peculiarity  of  crvolite  f 
What  it  its  cliemical  natnre  7 

Wliat  name  was  formerly  given  b^  chemisli  tO  iMWlBnOB  nllf 

What  is  now  its  rhomiral  dpsifrnation  ? 
How  extensively  does  ilus  miueral  prevail  ? 

WaeilS  is  ehlonds  of  •■mMmtmp  Hmndt  f 
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156.  Among  the  chlorides  of  lead  are'lhe  cotunnite,  from  Mount 
Vesuvius;  the  basic  muriate  of  lead,  found  in  the  mines  of  Men- 
dip  ;  and  the  murio-carbonate  of  lead,  a  rare  mineral  found  in 
Derbyshire,  crystallized  in  square  prisms  terminated  by  pyramids, 
of  a  yellow  colour. 

Chloride  of  copper,  or  atacamite,  is  a  mineral  which  forma  bean* 
tiful  grcmpa  of  men  crystals,  found  in  Chili  and  Pern. 

156.  Chloride  of  silver,  called  comeons  silver,  or  horn  silver, 
from  its  appearance,  is  found  massive  and  crystallized  ;  in  colonr 
and  form  resembling  gum  arabic  ;  or  of  a  pale-yellowish  green  or 
brown,  botryoidal,  lamellated,  earthy,  or  crystallised  in  minute 
cubes  and  octaedrons. 

Chloride  of  mercury,  which  has  the  same  homey  appearance, 
crystallizes  in  small  square  prisms,  terminated  by  flat  pyramids, 
and  otherwise  modified.  It  is  so  soft  as  to  be  sectile ;  and  it  be- 
comes volatilized  before  the  blowpipe. 

Organo'Chemieal  Subttanees, 

157.  Mellate  of  alumina,  called  mellite,  or  honeystone,  from 
its  appearance,  is  found  in  small  amber-coloured  crystals,  in  beds 
of  brown  coal,  in  Thuringia. 

Oxalate  of  iron,  also  called  humboldtite,  was  formerly  cooBideied 
as  resinous  iron  ore. 

JRuim, 

158.  Amber  exhihits  numerous  varieties,  arising  from  various 
causes,  and  some  specimens  are  extremely  curious,  from  the  bodies 
imbedded  in  them.  It  occurs  in  rounded  pieces,  rough  on  the 
outside,  and  within  of  a  yellowish,  w^hite,  or  reddish  CMOur ;  and 
is  found  on  the  coast  of  Norfolk  in  England,  Prussia,  Mosam- 
bique  in  Africa,  and  other  parts  of  the  world.  Some  specimens 
were  obtained  in  excavating  the  Chesapeake  and  Delaware  eanaU 

Fossil  copal,  or  Highgate  resin,  a  substance  somewhat  resem- 
blingamber,  found  in  makin;^  excavations  for  the  road  at  Highg^ate. 

Retinite,  or  retinasphalt,  a  mineral  from  Bovey,  in  Devonshire, 
of  a  yellow  and  reddish-brown  colour,  which  bums  with  a  fragrant 
odour. 

Bitumens* 

Varieties — Naphtha,  petroleum,  elaterite  or  elastic  bitumen, 
and  indurated  petroleum. 

What  is  tho  common  designation  of  chloride  of  silver? 
What  is  Uie  diiiereiice  in  the  crystalline  forms  between  the  chloride  of 
mercury  and  that  of  silver  ?  Where  is  mellate  of  alumina  Ibond  f 
What  interesting  pectiliarity  is  exhibited  by  nraber? 
What  ciaMificatiou  of  sabatance?  arises  from  their  modea  of  aggregation  ? 

2  a2 


Digitized  by  Gopgle 


MINfiftALOOY. 


CooL 

160.  This  substance  presents  some  ytrieties,  more  intniwitiny 
to  the  geologist  than  to  me  mineralogist ;  and  of  these  tome  bo* 
tioes  may  be  fooiid  in  another  part  of  this  Tolome** 


*  See  Oiyctotogy* 


Works  fit  the  IkpaHment  of  Minerokgif^ 

Cleav eland's  Mineralogy.  9  Tols*  8to. 
Phillips's  Mineralogy. 

Ure's  Dictionary  of  Chemi8tiy»  under  the  names  of  the  seTersl 

minerals. 

Haiiy  Traite  de  Mineralogie,  4  vols.  8vo.,  and  an  Atlas,  con- 
taining 120  plates  of  mineral  forms,  tables  of  characters  and 
angular  measures.  Though  the  system  of  Haiiy  is  now  super- 
seded by  more  modern  arrangements,  his  work  is  often  found  of 
important  sonriee  in  conseqnence  of  tiiese  numerous  yaluable  il« 
lastratiottSy  which  aid  die  student  in  determining  a  mineral  by 
its  external  characteis* 

Moh's  Treatise  on  Mineralogy,,  translated  by  Haidinger*  3 
vols.  12mo. 

Del  Rio's  Elementos  de  Oryctognosia.  1  vol.  8vo.  Philad.  1833. 
Allan's  Manual  of  Mineralogy.  1  vol.  8¥0.  Edinburgh.  1834. 


CRYSTALLOGRAPHY. 

1.  Solid  bodies  appear  under  a  ynat  varietf  of  fonnS)  some 

depending  on  organization,  and  others  on  molecular  attraction  $ 
the  latter  of  which  only  require  to  be  eonsideied  at  present. 

These  forms  or  modes  of  aggregation  are  pithrr  recrular  or  irregu- 
lar; consisting  in  the  one  case  of  geometrical  solids,  variously 
modified  ;  and  in  the  other,  of  amorphous  solids,  or  those  which 
display  no  symmetrical  proportif)ns. 

2.  VCertain  figures,  arising  from  molecular  attraction,  are  termed 
crystals^  constituting  polyedral  solids,  terminated  by  surfaeest 
regular,  connected,  and  often  shining  with  a  lustre  equal  to  that 
of  a  polished  gem.  |Tew  objects  of  this  kind  are  more  beautiful 
than  frozen  water,  as  it  occurs  in  a  state  of  large  snow-flakes 
when  examined  by  a  rriicroscope  ;  or  as  it  may  be  observed  in  the 
hoar-frost,  incrustinn"  with  most  delicate  network  our  trees  and 
hedges,  or  formed  by  the  congelation  of  moisture  on  the  panes  ot 
windows  in  a  cold  winter^s  morning.*  ) 

3.  Those  bodies  which  are  capable  of  crystallization  have  been 
observed  to  afTect  peculiar  forms ;  thus  rock-crystal  frequently 
occurs  beautifully  transparent  in  hexaedral  prisms,  temdnated  by 
six-sided  pyramids; ;  the  Derbyshire  finer  spar  crystallizes  b  cubes, 
as  likewise  does  common  salt ;  alum,  or  sulphate  of  alumine,  forms 
octaedral  crystals;  and  sulphate  of  magnesia  tetraedral  prisms. 
These  forms,  howeyer,  are  liable  to  modification  and  diversity 
from  different  causes,  as  will  be  subsequently  explained.  ''Fluor 
spar  and  galena  sometimes  exhibit  octaedral  and  sometimes  cubic 
crystals  ;  and  carbonate  of  lime  appears  in  such  a  variety  of  forms 
that  it  is  difficult  to  decide  which  is  of  the  most  frequent  occur- 
rence. Comte  de  Bournon,  in  his  elaborate  treatise  on  this 
mineral,  has  enumerated  fifty-six  modifications ;  which,  difierentty 
combined,  furnished  him  with  above  six  hundred  varieties  of 
form."t 

i.VjTne  figures  of  ciystals  may  be  conveniently  observed  by 

making  solutions  of  several  salts  in  water,  suffering  small  por- 
tions to  crystallizes,  by  evaporation,  and  thmt  examining  them 
through  a  microscope.  ^  * 

What  is  meant  by  the  terra  crystal  f 
How  is  the  process  of  crystallization  best  illustrated  ? 
What  important  leading  foot  constitutes  the  basis  of  this  science  7 
What  deviations  fiom  unifimniiy  are  observed  in  cryitala  of  the  same 
•ubstance  ? 

How  may  the  figures  of  crystals  be  advantageously  studied  1 


*  See  Treatise  on  Meteorology- 

t  Mn.  Lowry's  Conversationa  on  Mineralogy,  8d  edit,  vol.  ii.  p.  96. 
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^1 


Take  a  dram  of  alam,  and  similar 
Jiktm*  qnantitiea  of  common  or  table  Bidt» 

epsom  salt,  slauber  salt,  nitie,  oi 
any  other  soluble  saline  substances; 
and  place  them,  separately,  in  elean 
"/Kafc"^ //    wine-glasses,  or  o-alli pots,  then  pour 

on   each  parcel  rather  more  than 
^^^^^  enough  water  to  cover  it;  and  stir- 

ring  the    liquors   ircquently,  after 
they  have  stood  halt'  an  hour,  let  a 
4»        ■ .  drop  of  eacb  fall  on  a  strip  of  clean  plate-glass, 
CMunon  SaUm   and  place  it  in  the  snn  or  on  tbe  chimney-piece, 

protected  from  the  dust,  so  that  the  water  may 
j9        r  driven  off;  and  more  or  less  regular  crystale 

will  be  formed,  having  a  pleasing  appearance 
when  viewed  thronn-li  a  microscope.  The  mar- 
&  ^h''  einal  ficfures  will  atibrd  some  idea  of  the  man- 


V  O      0  "3 


Ep$om  SaU. 


ginai  figi 

ner  in  which  the  crystals  of  the  different  salts 
above  mentioned  are  grouped  and  constituted. 
'  5.  The  modifications  of  form  which  are  ob- 
served in  ciysiallized  bodies  are  sometimes 
owing  to  the  sudden  and  consequently  irregu- 
lar aggrreg^tion  of  the  crystalline  particles ; 
and  sometimes  the  presence  of  foreign  bodies 
may  accelerate,  interrupt,  or  very  materially 
intorfere  with  the  proceRS  of  crystallization. 
Henee  the  angles  or  rci  oi  s  of  crystals  may  be 
truncated  or  rounded;  and  cylinders,  spheri- 
cal, lenticular,  or  agglomerated  masses  may 
be  produced,  bearing  but  a  &int  resemblance 
to  tne  proper  form  of  the  salt. 
\  6.  In  order  to  obtain  regular,  large  and  well- 
shaped  crystals  of  any  salt,  a  saturated  so* 
lution  should  be  made  in  distilled  watCTi 
and  set  by  in  a  moderately  warm  situation, 
w^here  it  may  remain  ^indisturbed,  so  that  Uie 
fluid  may  evaporate  slowly;  and  a  gradual 
deposition  of  the  saline  particles  will  then 
take  place,  yielding  symmetrical  crystals  of  a 
larger  slse  than  can  be  produced  by  any  other 
management/ 

7.  The  interesting  appearance  of  certain 
ciystals  and  their  relative  permanence  of 
form,  amidst  a  seeming  variety,  drew  forth  some  striking  observa- 
tions from  Dr.  Freind,  in  his  lectures  on  chemistry  at  Oxford,  in 
the  early  part  of  the  last  cs nUirv  . 


QkttdterSaU. 


8.  '^The  beauty  and  variety  of  the  figures  of  crystals  is  so 

To  what  are  modifications  of  cryatalline  forma  supposed  to  be  due  ? 
now  ate  the  perftet  eryitab  of  a  salt  to  bo  obtainod  f 
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ateWble»  tlwl  ibm  is  seansely  ainr  thinlf  itt  %MiB  wMeh  Ms 
entaifsin  tiie  eye  more  agreeably.  These  figbres  are  sometimes 
seen  by  the  naked  eye,  bat  by  the  help  of  microscopes  aie  dis- 
cerned much  better.  In  common  salt  we  plainly  discover  quadri- 
lateral pyramids^  with  square  bases  ;  in  su^ar,  the  same  pyramids, 
Hiirem  with  oblong  and  rectangular  bases.  The 

crystals  of  vitriols  very  much  resemble  ici- 
cles, united  one  to  another  with  great  va- 
riety ;  among  which  lie  some  polygons, 
as  may  be  discovered  by  the  naked  eye. 
1^  ammoniac  very  eles^antly  imitates  the 
branches  of  a  tree ;  and  salt  of  hartshorn 
(carbonate  of  ammonia)  looks  like  a  qui- 
ver of  arrows."  Glauber's  sal  mirabilis, 
which  is  made  of  common  salt  and  vi- 
triol, (sulphate  of  soda,)  exhibits  the  figrure  of  both  salts. 
Nitre  appears  in  certain  prismatical  columns,  not  much  un- 
like bundles  of  sticks;  amoncr  which  there  are  interspersed 
some  rhomboids^  and  some  pentagons,  which  seem  to  come 
very  near  those  of  common  salt.  Vjicmee  liemeiy  has  Justly 
lemflorkedt  thai  nitre  conld  not  be  Burified  by  a  n^  art  or  contrivance; 
.whatever;  but  something  of  a  sal  gem,  or  fossil  salt,  would  stick 
to  it./  Bat  salt  of  tin  oatdoes  all  for  beauty,  in  which  are  lin^ 
like  little  needles,  which  spread  themselves  every  where  from  a 
point,  a?;  from  a  centre,  so  as  to  represent  a  star,  much  like  what 
we  see  in  the  regulus  of  Mars,  (metallic  iron.)"f 

9.  Dr.  Freind  proceeds  to  remark,  that  it  is  a  circumstance  very 
peculiar  in  these  salts,  that  let  them  be  never  so  divided,  and  re- 
duced into  minute  particles,  yet  when  they  are  formed  into  crys- 
tals, they  of  them  reassume  their  propw  shape ;  so  that  one 
mi^t  as  easily  divest  and  deprive  them  of  their  saltness  as  oL 
their  figure."  The  intimate  relation  between  crystalline  form  ana 
domical  composition,  which  attracted  the  attention  of  this  inge- 
nious writer,  has  been  extensively  investigated  by  more  recent 
inquirers. 

10.  Among  the  facts  which  have  been  disclosed  in  consequence 
of  their  researches,  one  of  the  most  singular  and  important  is,  that 
bodies,  both  simple  and  compound,  which  are  capable  of  crystal- 
Usation,  appear  to  form  groups  characterised  by  similarity  of 
atmctare ;  so  that  one  group  may  include  eeveral  substances,  all 
ciystallistng  f n  similar  square  prisms,  another  |(l»up  connsts  of 

What  observatioiui  OH  crystalline  forms  were  made  by  Dr.  Fkemdf 

What  did  Lemery  remnrk  in  respect  to  nitre? 

What  imporiant  iacts  in  regard  to  similarity  of  structure  have  been  dis- 
doled  by  modem  mineralogiili? 


*  Nitre  sometimes  consists  partly  of  nitrate  of  todat  which  forms  rhoiii> 
boidal  crptfilfl  ;  but  nitrate  of  potaah,  when  quite  plir0«  CiyitaUiset  in 
hexeedral  prisms,  generally  with  diedral  summits. 

t  Cbymical  Lectures,  by  John  Fkehid,  M.D.,  1718,  pp.  144—146. 
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bodies  fonniiBig  umiUur  oetaatol  eiytlilt,  and  TarioM  odiera,  dio 
membera  of  wliieh  rospectiTely  are  diBtlB|||iiiolnd  by  peoaliar 
figores.  As  an  example  of  sueh  a  groop  of  miiimlo  may  oe  mu^ 
Mooed  ^alc  spar,  (Iceland  cryatalt)  bitter  spar*  eotboiiaie  of  meg^ 

nesia  and  iron,  carhonato  of  iron,  manfranese  spar,  zinc  spar,  and 
magnesia  spar,  all  crystallizing  in  rhoinboedrons.j  The  discovery 
of  inis  disposition  among  mineral  bodies  differently  constituted  to 
assume  a  common  form,  led  to  the  assumption  of  the  doctrine 
of  isuuiorpliisiii,  already  alluded  to  la  tlie  Treatise  on  Chemistry.* 
The  law  of  isomorphism,  as  eDnGNriToed  by  MilseherUch,  in  its  ut- 
most generality  is  as  follows ^^^^he  same  number  4>f  atoms  com- 
bined in  tbe  same  way  produces  the  same  crystalline  form;  and 
the  same  crystalline  fj^Fr^  is  independent  of  thecbemical  nature 
of  the  atoms,  and  Undetermined  only  by  tbeir  number  and  relatiye 
position.'^ 

11.  A.  few  observations  may  be  added  to  explain  in  some  de- 
gree the  s^pueral  principle  on  which  depends  the  association  of 
isomorphic  substances.  An  examination  of  the  jgrroup  of  rhom- 
boedral  minerals  mentioned  above,  will  demonstrate  amidst  diver- 
sity of  eomnosttion  a  similarity  of  atomic  constitudoo.  All  those 
bodies  of  which  crystallised  carbonate  of  lime^  or  cale  Bpar^  niay 
be  regarded  as  the  isomorphic  type,  appear  to  eone^ond  in  this 
numl^r  of  their  stoma  with  that  body :  thuSy 

Calc  spar  consists  of  1  carb.  acid  4- 1  lime 

Bitter  spar  .   .   •   •   1  oaib,  acid+  1  lime+ 1  carb.  acid  +  i 

magnesia. 

Carbonate  of  magnesia  and  iron  consists  of  1  carb.  acid  +  1  mag- 
nesia-f-  1  carb.  acid-t"  1  oxide  of  iron. 

Carbonate  of  iron  1  carb,  acid  +  1  oxide 

of  iron. 

Manganese  spar  1  carb.  acid-|-l  oxide 

<^  manganese. 

Zinc  spar  •  «  1  carb*  acid -|- 1  oxide 

*  of  zinc. 

Magnesia  spar  1  carb,  acid +1  mag- 
nesia. 

12.  In  all  the  simple  carbonates  of  the  preceding  group,  one 
jitom  of  carbonic  acid  is  combined  with  one  atom  of  a  metallic  pro* 
toxide ;  and  in  tiA  compound  carbonates  the  atomic  quantitiee  are 


What  eiamplM  can  be  given  of  minerala  thus  retsmhling  each  othsf  in 

fbrm  though  diflering  in  consiitution? 

What  Inw  of  isomorphism  is  applicable  to  these  casssf 
Illustrate  this  in  the  case  of  mineral  carbonates. 


*  See  p.  123.  note. 

'  ^  ftfP-  of  Briu  Amoc.  for  1832,  p.  422.  For  a  li«t  of  tiomorphio  bo4ic4 
not  Miller,  sav  the  aanio  volnn^ 
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are  doubled.'  The  same  correspondence  of  atomic  constitution 
Beems  to  prevail  in  groups  of  more  complicated  chemical  combi- 
imtioiv:Vthus  tremolite  and  aothophyllito  are  doable  silicates, 
the  oompofiition  of  which  ie  as  follows : 

Tremolite  consists  of  1  lime+  1  silica  4-3  manrnesia-f- 2  silica, 
Anthophyllite    .    .    1  oxide  of  iron  4- 1  silica -|- 3  magnesia  +  2 
silica. 

13.  ^ence  it  appears  that  the  only  difference  between  these 
Dodies  consists  in  the  former  containing  one  atom  of  lime,  (pro- 
toxide of  calcium,)  and  the  latter  one  atom  of  protoxide  of  iron  ;  and 
they  both  crystallize  in  oblique  prisms.}  In  numerous  other  cases 
it  has  been  founds  that  one  oxide  br  acid,  havingr  the  same 
atomic  constitotion  with  anoiher  oxide  or  acid,  may  leplaee  it^ 
or  be  sttbstituted  for  it  in  the  composition  of  mineTals,  giving  rise 
to  similar  crystalline  forms ;  and  thus  groups  m  produced,  each 
composed  of  two  or  more  bodies  corresponding  ia  tlienambers  of 
their  atoms,  and  in  crystalline  form. 

14.  There  is  an  inferior  deqrree  of  analoo^y  of  form  observable 
amongf  minerals,  which  probahly  arises,  as  in  the  cases  already 
noticed,  from  the  atomic  constitution  of  bodies.  Certain  crystal- 
line compounds  are  found  to  differ  among  themseWes  merely  in 
the  angfular  measurements  of  their  crystals.  Thnn  sulphate  of  ba< 
rytes,  sulphate  of  lead,  carbonate  of  lead,  and  some  others,  form 
light  rhombic  prisms ;  but  the  obtuse  anprles  of  the  rhombic  prism 
of  sulphate  of  barytes  measure  101*^  42';  those  of  sulphate  of 
lead  103*^  42';  and  those  of  carbonate  of  lead  117°  18'.*  Hence 
groups  of  bodies  thus  related  are  said  to  be  plesiomorphous  ;j-  and 
the  term  ho7no{omorj)hous\.  has  been  adopted  to  distinjruish  groups 
of  crystalline  sul)stances  differinfr  more  widely  in  their  angles. 

15.  It  has  also  been  remarked,  tiral  while  differently  constituted 
compounds  may  agree  in  crystalline  form,  there  are  bodies,  boUi 
simple  and  compound,  which  are  capable  of  existing  under  two 
forms,  which  are  incompatible  or  not  durable  l^om  one  common 

How  is  the  rompositibn  of  compoond  carbonates  aeen  to  be  analogomio 
that  of  simple  ones  ? 
Bow  is  tremolite  shown  to  be  isomorphic  with  anthophyllite  7 
What  tubatitntfon  of  nn  ingredient  is  often  Ibund  ooosistent  wldi  fbm 

preservation  of  fi  crystullinG  form  ? 

In  what  circumstances  are  crystal*,  otherwise  similar,  ibund  to  vary  from 
each  other  ? 

What  is  the  measure  of  the  obtuse  angles  of  sulphate  of  barytest— of 
lead  ?    What  of  the  carbonate  of  lead  ? 

What  term  expresses  the  relation  of  crystals  of  which  the  angles  are 
nearly  the  same  ? 

What  terra  applies  to  those  whidi  having  fiwrna  generally  alike  diflbr 
gready  in  the  angleaX 


1 


*  Report  of  the  British  Association  for  1832,  p.  428. 

t  From  the  Greek  nAiiaioj,  nearly  alike,  and  Mop^ii,form» 

t  From  ibe  Greek  '^Oiiohs,  timUdrt  and  Mop^j^. 
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form.  NShilphur  is  found  crystallised  in  odaedroBB  ividi  sliOKiUo 
bases,  and  also  in  rhombic  prisms.  Pure  carbon  occurs  in  natovt 
in  two  states,  constituting  the  diamond  and  graphite  ;7  the  former 

exhibitinor  regular  octaedral  crystals,  and  the  latter  crystallizing  in 
hexaed rat  plates,  striated  parallel  to  some  of  their  sides.  Sulphur 
and  carbon  thus  display  a  duplicity  of  form,  a  property  io  these 
and  other  bodies  denoted  by  the  term  dimorphism,* 

16.  The  phenomena  of  j)le8iomorphism,  homoiomorphism,  and 
dimorphi8m»  which  have  all  an  obnoua  relation  to  isomorphism, 
indicate  the  neeeasity  of  farther  researches  to  elucidate  the  nature 
and  causes  of  these  appearances,  w  hidi  may  probably  lead  to 
Tery  cur  ions  and  interesting  discoTeriea* 

17.  The  modifications  and  seeming  anomalies  of  form  which 
often  occur  in  crystallized  bodies  take  place  under  certain  laws; 
the  deviation  from  the  usual  figure  of  the  crystal  depending  on 
addition  or  subtraction  of  parts  necessary  to  make  up  the  regular 
solid,  or  primary  form  of  a  mineral,  in  any  given  case.  vThat  the 
varieties  of  form  in  crystals  of  the  same  mineral  may  be  referred 
to  truncations  of  an  invariable  primary  nucleus,  was  an  opinion 
that  appears  to  have  been  started  i  by  the  French  mineralogist, 
Rome  de  Lisle ;  the  idea  also  occured  to  Gahn,  professor  of 
mineralogy  at  Upsal,;who  having  broken  a  piece  of  the  dogtooth 
calcareous  spar,  observed  that  it  was  throughout  composed  of 
rhomboidal  crystals  ;  and  hence  Professor  Berprmann  was  led  to 
conjecture  that  in  all  crystallized  bodies  there  must  exist  a 
primary  nucleus. 

18.  Tiie  inquiry  was  then  taken  up  by  the  Abbe  Haiiy,  who  is 
said  to  have  had  his  attention  drawn  to  it  by  an  accident  in  itself 
somewhat  awkward  and  perplexing.  ^  A  person  of  fortune  who 
had  collected  a  cabinet  of  minerale  as  expensive  puriosities,  waa 
showing  them  to  M .  Hauy ;  and,  handing  to  him  one  very  beau- 
tiful crystalline  specimen  that  he  might  inspect  it  more  readUy, 
the  stone  slipped  from  the  hand  of  the  visiter,  and  falling  on 
a  marble  pavement,  was  split  in  several  pieces,  which  the  owner 
regarding  as  worthless,  while  courteonsly  accepting  the  apologies 
of  the  chagrined  philosopher,  ordered  a  seVvant  to  take  up  and 
throw  away.  M.  Haiiy  struck  with  the  brilliance  of  the  smooth 
surfaces  or  the  fractured  parts  bejgrged  to  be  allowed  to  inspect 
them,  and  took  them  home  to  examine  the  structure  of  the  mineral 
more  at  leisure.  He  found  that  it  was  susceptible  of  cleavage 
only  in  particular  directions,  and  to  a  certain  extent ;  and  having 
made  corresponding  observations  on  other  crystallised  substances, 
he  was  at  length  enabled  to  reduce  to  a  regular  system  the  lawB 

To  what  is  the  term  diraorphism  applied  ? 
.  By  whom  was  the  idea  of  primitive  crystalline  forms  first  advanced  ? 
What  circumstance  is  mia  to  have  led  Haiiy  to  the  investigatioa  oC 

primitive  nuclei? 

On  what  plan  did  he  proceed  to  ibrm  his  system  of  mineralogy  ? 
*  From  the  Greek  ^U,  twice,  (in  pomp.  9  omitted,)  and  M«p0J^. 
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Now  2. 


of  Of  ¥8tallizatLon,  with  reference  to  the  manner  in  which  ciystals 
aie  oedaoed  in  thdb  several  vatielies  from  a  primitiTB  nncloQa*  ) 

l9.fVhe  lelattons  between  the  differeot  modtteatlonaof  fonn  in 
a  mineral  may  be  exemplified  tfy  taking  a  orystal  of  the  fiuor  spar 
in  one  of  the  eimpleal  of  its  natural  forms,  the  cube,  exhibited  in 
No»I.  margin.   Now  it  will  be  found  on  trial  that  the 

solid  angles,  A,  B,  C,  D,  &c.,  may  all  be  removed 
by  a  knife  with  proper  pressure,  and  thus  the  eight 
angles  may  be  replaced  by  brilliant,  flat,  triangular 
O  surfaces,  as  in  the  next  marginal  figure,  No.  2.  The 
solid  will  then  consist  of  fourteen  sides  instead  of 
six ;  and  each  of  the  triangular  sides  may  be  c^larg^at 
— the  expense  of  ike  square  sideSy  by  eontinuingf  the 
r>r-p — <A  cleavage  of  increasing  triangular  planes^  so  as  to  fonM /|| 
I   [         I  the  succeeding  figure*  No«  3»  ■ 
20.  At  length,  pursuing  the  separation  of  the  crystal 
strata  in  the  same  direction,  will  be  produced  the  re- 
mainingr  figures,  Nos.  4  and  5,  in  the  last  of  which  no 
part  of  the  original  cube  remains,  every  angle  having 
been  cut  away  so  as  to  form  eight  new  faces,  consti- 
tuting (an  octaedron,  which  is  the  primary  form  of  the 
flnor  > 

31.  A  crystal  of  common  salt*  exhibiting  the  same 
No.  4.  cubic  form  with  the  fluor  spar^  diflfers  from  it  in  structure, 
/""TX^  for  its  angles  cannot  be  separated  so  as  to  leavea  Aeoth 

(>-..,VV7  surface ;  and  the  crystal  will  admit  of  cleavaj^e  or  sub- 
division  only  in  layers  parallel  to  either  or  all  its  sides ; 
No.  5.  so  that  a  large  cube  can  be  separated  into  a  number  of 

small  ones,  but  not  reduced  by  cleavage  to  any  otlier  form  t\  ^ 

  ,  hence  the  cube  is  the  primitive  form  or  nucleus  of  the 

nJ^/^  crystal  of  common  or  sea  salt«Vln  the  same  manner,  pon- 
derous spar,  or  stdpliate  of  barytes,  can  be  divided  with  regu- 
larity only  so  as  to  form  right  ihombic  prisms^  and  sefenitcy  sul- 
phate of  lime,  into  right  prisms:  these  therefore  are  the  nuclei^ 
or  primitive  forms  of  their  respective  crystals. 

22.  As  the  primitive  nuclei  of  crystals  may  be  developed  by 
dissection,  so  it  may  be  ingeniously  shown  how  the  varieties  of 
crystals  may  be  derived  from  the  superposition  of  lamina  on 
parallel  surfaces,  diminishing  regularly  in  extent,  so  as  at 
length  to  form  the  summit  of  a  solid  angle,  or- the  edge  of  a  line 
joining  two  angles,  dt  is  in  this  manner  that  Hauy,  attributing  to 
every  crystall&tble  sobstance  a  primitive  or  simple  fanaftf  asoer- 
teined  by  .division  as  before  statedi  or  else  inferred  from  a  compari- 

In  what  manner  may  the  cube  of  fluor  spar  be  tet  varied  hy  cleavage  t 

To  what  form  will  it  be  ultimately  brought? 

How  does  the  crystal  of  chloride  of  sodium  difier  from  that  of  fluoride 
of  calcium  in  fa|[aid  to  the  cleavage  of  ila  angles  f 

To  what  jprimiUve  form  is  the  crystal  of  poDdevoas  spar  capable  of  being 
reduced  ?  To  whom  is  the  doetrine  of  ineiemtQii  snddeoieaienta in ciys- 
tals  to  be  ascribed  ? 

2B 
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SOU  with  others  already  known,  proceeds  to  derive,  from  his  doe" 
trine  of  incvoniiits  nod  deeremnnts,  the  yarious  secondary  forms 
that  may  be  obserTed  in  difleient  specimene  of  any  giTen  mineral^ 

23.  According  to  the  systeip  of  Hauy,Vll  crystals  are  derived 
from  five  or  six  primitive  forms.  Thcsn  are,  (1.)  Uie  parallel  op  tped, 
inclddinnr  the  cube,  rhomboid,  and  all  their  varieties.';  (2.)  the 
tetraedron;  (3.)  the  octaedron  ;  (1.)  the  hexaedral  prism;  (5.) 
the  rhomboidal  dodecaedron  ;  to  w  hich  may  be  added,  (ti.)  the 
dodecaedron,  with  isosceles  triansrnlar  faces.  ^ 

24.  All  solids  having  six  sides,  whose  respective  bounding 
lines  taken  in  pairs  are  parallel  with  each  other,  and  the  opposite 
sides  also  equal  and  parallel,  forming  so  many  parallelograms,  are 
termed  parallelopipeds^  Such  an  arrangement  of  surfaces  must 

%bviou8ly  admit  of  some  variety ;  and  thus  it  maybe  perceived 
that  the  parallelepiped  will  include  the  cube,  the  square  prism,  the 
rhomboid,  the  right  rhombio  prism,  and  the  oblique  rhombie 
prism.  ^Z" 

'         '  •  25.  The  cube,  as  appp-irs  io  the  margin,  has  six 
square  sides,  all  equal,  like  common  dice ;  its  proportions 
^  ^  being  invariable,  j 

2G.  When  a  body  is  terminated  by  four  equal  oblong 
parallelograms  laterally,  and  two  square  parallelograms  at 
the  ends,  it  is  called  a  square  priwmj 

27.  ^The  rhomboid  has  its  opposite  sides  equal  and 

parallel,  but  none  of  them  are  square,  each  havin?^  two 
obtuse  and  two  acute  angles,  instead  of  four  right  an- 
gles, like  the  cube. 

28.  There  are  many  varieties  of  rhomboids  characterized  by 

the  relative  diversities  of  their  corresponding  angles  ;  some 
rhomboids  tlinerinnr  so  little  from  the  perfect  cube  that 
their  real  nature  can  only  be  ascertained  by  the  measure- 
ment of  their  anorles,  others  bearing  but  a  very  distant 
resemblance  to  it,  as  in  the  marginal  figure,  representing 
a  very  oblique  rhomboid. 

29.  The  right  rhombic  prism  bears  the  same  relation  to 
the  square  prism  that  the  rhomboid  does  to  the  cube.  In 
the  square  prism  the  ansles  are  all  equal,  and  are  right 

I     J  angles ;  but  in  the  right  raombic  prism  the  sides  or  lateral 
>4/^  planes  meet  alternately  at  angles  greater  or  less  than  90 
degrees ;  but  the  terminal  planes,  or  those  at  the  extremities  of 
the  prism,  form  by  their  junction  right  angles. ^ 

To  how  mnny  and  wbnt  (simple  ibrma  did  Haiiy  reduce  all  erystalst 

S'^hat  is  a  parallelepiped  I 
ow  many  varieties  does  it  admit? 

ITow  doc  s  the  rhomboid  differ  fiom  the  cubef  • 

What  is  an  oblique  rhomboid? 
How  is  the  right  rhombic  prism  formed  ? 
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/V     '30.        ohUfjue  rhombic  prism  differs  from  the  preceding 
\   A  figure  in  the  position  of  its  terminal  planes,  which  do  not 
\/  form  ri^ht  angles  with  the  lateral  planes,  but  are  placed 
obliquely,  so  that  the  terminal  and  lateral  planes  meet  at 
obtuse  and  acute  angles  alternately^^ 


31.  The  teiratdron  is  the  simplest  of  all  ref^ular  figures 
having  plane  surfaces.  It  is  a  solid,  included  within  four 
triangular  planes,  equal  and  similar,  each  of  the  three 
sides  being  of  the  same  dimensions. 
Some  notice  has  b^n  already  taken  of  the  octaedron,  as  the 
figure  prodoced  by  the  trnncation  of  the  solid  angles  of  a  cube. 
There  are  varieties,  however,  of  this  fignre,  arising  from  those  of  • 
^e  eight  planes,  by  which  it  is  terminated. 

yTv  32.  The  regular  ncfaednm  has  all  its  planes  equal  and 
similar  trianales,  each  of  their  three  sides  beinjr  of  the 
same  lentrth.  All  lines  drawn  through  its  centre  from 
either  ant^le  to  that  opposite  to  it  will  be  of  equal  length, 
or  in  other  words  it  has  three  equal  axes.  This,  however,  is  not 
the  case  with  all  octaedrons,  some  having  one  axis  longer  and 
some  shorter  than  the  other  two. 

33.  The  obtu8e  ociaedron  difTeis  from  the  former  in 
having  the  line  which  forms  the  base  of  its  triangular 
sides  longer  than  those  which  meet  at  the  apex,  so 
that  what  may  be  termed  its  principal  axis  is  shorter 
than  its  other  axes. 

»       34.  The  acute  ociaedron  will  be  perceived  at  once  to  be 
A  exactly  the  reverse  of  the  foregoing,  its  base  line  being 
//\  shorter  than  those  which  form  the  apex,  and  its  principal, 
vry  axis  longer  than  the  others.  These  forms  will  obviously  ad- 
M/  mlt  of^  several  modifications,  the  nature  of  which  may  be 
^  comprehended  without  difficulty  from  what  has  been  already 
stated,  *  • 

35.  The  hexaedral  prism  derives  its  name  from  the 
number  of  its  side?,  which  are  similar  parallelog^rams, 

I  not  square,  but  oblong.  They  are  six  in  number,  and  are 

i  i"^  called  lateral  planes,  and  as  they  meet  the  terminal  planes, 

the  latter  are  hexaedral  and  hexagonal ;  that  is,  they  have  six  edges 
and  six  angles.  The  terminal  planes  are  parallel  with  each  other. 

36.  The  rhomhoidfu  dodeeaedron^  as  its  name  implies, 
has  twelve  sides.  These  are  all  of  similar  form,  each 
^plane  being  a  rhomb,  of  which  the  four  bounding  lines 
are  of  the  same  length,  and  the  opposite  lines  are  parallel, 
forming  two  acute  and  two  obtuse  angles  in  eacn  plane. 

llow  is  the  oblique  rhombic  prism  ibrmedf 

What  peculiar  character  iloos  the  tetraedron  possess  compared  with  Other  * 
figures?    What  is  a  regular  octaedron? — an  obtuse  octaedron  ? 
How  does  the  acute  differ  from  the  two  other  fbrnis  of  ociatdron  ? 
How  many  sorts  of  planM  belong  to  prisms? 

What  are  the  plane  fignros  constituting  the  bases  of  hexaedral  prisms? 
What  is  ti)e  plane  %ure  of  each  side  in  the  rhomboidal  dodecaedron  ? 
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This  fig'nre  is  susceptible  of  numerous  modiiicatioDS,  by  the  trunca- 
tion of  edges  or  ano  les. 

jfK        37.  The  <ftN&eaed^  ti^AtVoMelwfru^ 
// W  Aguro  haying  twelve  equal  triangular  udee,  differing 

/  /  \  \  ^rom  the  oetaedron  in  the  number  of  its  sides,  and  like 
— jy  that  figure,  admitting  of  modifications,  aocoiding  to  the 
^ length  of  its  princip^  axis. 

^  38.  The  connexion  of  one  form  with  another,  or  the 
transition  from  one  to  another,  has  been  exemplified  in  the  deduc- 
tion of  the  o(-iao(lron  from  the  cubic  crystal  of  fluor  spar.  (See 
p.  28'J.)  The  following  fibres  will  serve  in  like  manner  to  show 
what  modifications  are  produced  by  the  truncation  of  the  angles 
and  edges  of  an  octaedion : 

A  B  C 

39.  In  fig.  A,  the  angles  only  of  the  oetaedron  are  Irancated,  in 
fig.  B,  the  edges  onlv,  and  in  fig.  C,  hoth  the  angles  and  the  edges. 
If  we  snppoee  the  division  of  an  oetaedial  crystal  to  be  continned 

in  the  direction  of  the  planes  formed  by  the  truncation  of  the 
edges,  fig.  B,  in  which  the  triangular  planes  <^  the  truncated 

oetaedron  are  separated  from  each  other  by  narrow  hexangulai 
planes,  a  modification  will  be  produced,  exhibiting  an  increase  of 
the  hexangular  planes,  and  reauction  of  the  triangular  ones,  each 
however  retaining  its  characteristic  shape. 

40.  By  pursuing  the  division  in  the  same  direction,  the  orig^inal 
planes  may  be  entirely  removed,  the  triangular  fiuses  disappearing, 
and  the  hexanguUur  ones  being  changed  into  rhomboedrsl  snrfaces. 
Such  a  series  of  modifications  may  be  observed  in  the  floor  spar^ 
and  more  commonly  in  the  red  oande  of  copper,  serving  to  show 
how  the  rhomboedial  dodecaedron  may  result  ifrom  the  replace* 
ment  of  the  edges  of  the  oetaedron.  But  in  neither  of  these 
minerals  can  the  rhomboedral  dodecaedron  be  obtained  by  cleavage 
from  the  truncated  oetaedron  ;  for  the  laminae  of  the  crystal  of  fluor, 
or  red  oxide  of  copper,  admit  of  6ej)aration  only  in  directions 
parallel  with  the  planes  of  the  oetaedron,  that  being  the  primitive 
wna  or  nucleus  of  the  crystals  of  the  mineral  in  question. 

41.  In  this  transition  from  one  form  to  another  in  the  construction 
of  crystals,  it  seems  as  if  nature  in  the  generation  of  each  crystal 
assumed  a  central  nucleue^fegular  and  constant  in  each  species 

In  what  three  modes  may  the  simple  oetaedron  be  varied  by  truncation  ? 
To  what  form  would  continued  cleavage  along  the  edges  only  eventu- 
ally  lead  T 

In  what  mlnmb  do  we  find  a  fim  similar  lo  what  this  proceii  woidd 

produce  ?  ' 
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respectively,  and  on  the  several  faces  of  that  nucleus  applied  suc- 
cessive laminae,  all  parallel  and  similar  to  each  other,  but  diminish- 
ing- reofularly  in  extent,  so  as  at  length  to  terminate  in  a  point 
forming  the  summit  of  a  solid  angle,  or  in  a  line  forming  the  edge 
of  the  new^  crystal. 

4S.  Thus  from  a  cubic  nucleus,  the  formation  of  a  rhomboidal 
dodecaedron  may  be  supposed  to  take  place,  by  the  addition  of 
successive  lamine  on  each  face  of  the  cube,  which  having  a  height 
denoted  by  1,  decrease  gradually  on  their  borders  by  a  qnantity 
also  denoted  by  1.  So  likewise  a  solid  of  twenty-four  faces  may 
be  conceived  to  be  formed  from  a  cube  by  the  application  of 
laminae,  the  thickness  of  which  is  denoted  by  1,  and  tlie  successive 
lateral  decrements  by  '2,  by  3,  or  any  hig^ber  number,  according  as 
the  pyramid  is  more  or  less  elevated  or  depressed. 

43.  An  octaedron  may  in  like  manner  be  formed  from  a  cubic 
nucleus  by  the  successive  application  of  lamins  having  angular 
decrements ;  and  by  irregular,  intermediate,  or  comMned  decre- 
ments, a  vast  variety  of  secondary  forms  may  be  produced  from  a 
very  limited  number  of  primitive  nuclei.  Hence  in  general,  when 
the  form  of  the  nucleus  of  a  mineral  has  been  ascertained,  nothing, 
is  more  easy  than  to  detrrinine  in  what  manner  laminae  must  be 
applied,  and  the  law  according  to  wliich  they  ought  to  decrease, 
in  order  to  produce  any  given  form  of  a  crystal,  the  angles  of 
which  have  been  previously  measured. 

44.  *^But  howevei  ingenious  this  method  of  accounting  for  the 
diversity  of  crystals  of  the  same  substance  may  appear,  and  im- 
portant as  were  the  discoyeries  of  the  learned  author,  it  must  be 
admitted  that  it  can  only  be  regarded  as  an  hypothesis  which  may 
assist  us  in  our  researches.  Indeed  it  is  not  probable  that  nature 
should  commence  by  the  formation  of  the  primitive  crystal,  in  order 
to  apply  to  it  decremental  laminae.  The  bare  inspection  of  crystals, 
which  arc  often  exceedingly  small,  and  yet  highly  complicated, 
appears,  on  tlie  contrary,  to  announce  that  all  the  forms  have  been 
produced  by  a  single  effort,  {firoduUes  d^un  seuljet while  on  the  * 
other  hand,  it  may  be  observed  that  the  large  crystals  are  only 
regular  assemblages  of  very  small  ones,  often  simCar  to  the  large 
crystals  which  they  form,  and  sometimes  different  from  them."* 

45.  These  observations  prove  clearly,  that,  in  general,  crystalli- 
zation does  not  take  place  in  nature  according  to  the  supposition 
adopted  in  the  theory  which  has  been  given,  but  that  the  different 
crystals  result  rather  from  the  sudden  arrangement  of  the  regular 
molecules  among  tliemselves,  in  the  act  of  spontaneous  solidifica- 
tion.   For  in  studying  the  manner  in  v^hich  certain  particles  in&- 

How  may  a  rhomboidal  dodecaedron  be  conceived  to  result  from  a  cubic 
rinclena  f 

How  may  the  solid  of  twenty-ibur  ftces  be  derived  from  the  isme  origi- 
nal form  f 

To  what  objection  is  the  theory  of  Haiiy  shown  to  be  liable  ? 

*  fiendsnt  Traitc  Element,  de  Phyiique,  p.  85. 

^b2 
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nitely  [indefinitely]  minute,  of  a  determinate  form,  may  combine 
together,  according  to  the  number  and  the  position  of  their  faces, 
we  may  be  led  to  conclude  that  the  different  polyedral  figures  to 
which  they  0ye  rise  depend  on  the  number  in  which  thev  are  atp- 
traeted  to^tther  at  the  moment  of  ofyatalliialioii.  Tinwt  f<»r 
example,  it  may  he  edmpfeheiided  that  enbie  paltlelea  ean  only 
form  complete  cubee  in  those  eases  in  which  these  moleenlea  mdte 
together  in  cubic  numbera,  as  8,  SSTf  64«  ISS*  &c. 

46.  With  a  little  attention,  we  perceive,  likewise,  that  regular 
octaedrons  can  only  be  formed  when  cubic  molecules  combine  in 
one  of  the  numbers  of  the  series  7,  25,  63,  129,  &c.  Kurther, 
dodecaedrons  with  rhombic  planes  will  be  produced  when  the 
molecules  are  attracted  together,  in  one  of  the  numbers  of  the  series 
33,  185,  555,  «Sic."* 

47«  These  speculations  might  be  pursued  farther,  and  it  might  be 
shown  how  other  forms-  might  be  derived  from  enbie  particles ;  but 
some  figures  woold  require  for  their  production  Tety  extensive  and 
complicate  d  series  of  mimbers  of  molecules ;  and  hence  this  theory 
is  objectionable,  as  wanting  that  simplicity  usually  observable  in 
the  laws  of  nature.  Tliere  is  more  probability  in  the  hypothesis 
ing-eniously  proposed  by  Dr.  Wollaston,  who  considered  the 
primitive  particles  as  spheres,  which,  by  mutual  attraction,  assume 
that  arrangement  which  brings  them  as  near  as  possible  to  each 
other. 

48.  When  a  number  of  similar  balls  are  pressed  together  in  the 
same  plane,  they  form  an  equilateral  triangle ;  and  i^  when  thus 
arranged,  they  were  cemented  together,  and  the  mass  afterwards 
broken  asunder,  the  lines  in  which  separation  would  most  readily 
take  place,  would  form  with  each  other  angles  of  60  degrees.  A 
single  ball  placed  any  where  upon  such  a  stratum  would  touch 
three  of  the  lower  balls,  and  planes  parallel  to  the  sides  of  the 
flp^ure  thus  formed  would  include  a  regular  tetraedron.  A  square 
of  four  balls,  with  a  single  ball  on  the  centre  of  each  surface  would 
constitute  an  octaedron ;  and  on  applying  two  other  balls  at  op- 
posite sides  of  the  octaedron,  the  group  would  represent  an  acute 
rhomboid.  The  construction  of  the  numerous  yarieties  of  figures 
which  occur  among  crystals  might  be  readily  explained,  by  ad* 
mittinff  the  eaustence  of  oblate  and  oblong  spheroidal  molecules» 
as  well  as  those  of  a  globular  figrure.f 

49.  Crystals  may  not  only  differ  one  from  another,  as  a  rhombic 
prism  from  an  octaedron  or  a  dodecaedron,  but  one  rhombic  prism 
may  differ  from  another;  for,  since  the  rhomb  is  characterized  by 
having  one  of  its  adjacent*  angles  smaller  than  a  right  angle  and 

To  what  circumstance  may  we  attribute  ihe  diflferent  forms  of  cryatals 
■npposinc  the  ultimate  particles  all  alike? 

What  hypothesis  did  Dr.  Wullaston  propose  for  the  section  of  the  ques* 
tion  respecting  crystalline  forins  ? 


*  Beudant  Traiie  Element,  de  Physique,  p.  86. 

t  firsnde's  Manual  of  Ghenriatry,  8d  ad^  toL  i.  pw  16. 
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the  other  larger,  it  must  be  manifest  that  the  one  may  consist  of 
almost  any  number  of  degrees  less  than  90,  and  the  other  of  any 
number  below  180,  which  sum,  however,  must  be  the  amount  oi 
the  two  angles  taken  together.  For  the  four  angles  of  the  crystal 
collectively,  will  be  equal  to  four  risht  angles,  i.  e.,  90  x  4  =  360, 
«r  the  Bomoer  of  demes  of  a  civeteliy  wmch  angles  atemeaaufed. 

60.  Thus  the  priimtiveform  of  carbonate  of  Inne,c8losieou8  spar, 
is  a  rhomhoid  whose  feces  are  inclined  at  angfles  of  105°  5',  and  74^ 
fi',  both  together  making  ISO*'.  Tourmaline  has  for  its  primitive 
crystal  an  obtuse  rhomboid,  the  anp^le  of  which  is  113°  10',  and  in 
like  manner  other  minerals  have  their  peculiar  and  constant  forms, 
the  precise  nature  of  which  can  alone,  in  many  cases,  be  ascertataed 
by  measuring  the  angles  of  the  crystal.* 

51.  Instruments  for  tiiis  purpose,  culled  goniometers,  are  chiefly 
of  two  kinds,  the  common  and  tberefleeliTe  ffoniometw*  The  first 
and  aiapleBt  of  Hiese  iostromente  consists  of  %  protractor,  or  ami- 
ciniidar  ecale,  graduated  from  0  to  180,  witfi  a  smdl  pair  of  com- 
passes applied  to  it,  destined  to  receive  the  cryatal  whose  an^ea 
are  to  be  meaaared. 

52.  One  arm  of  the  com- 
^  passes,  F  G,  in  the  annexed 

figure,  forms  the  diameter  of 
the  semicircular  arc,  and  the 
other  arm,  A  B,  the  radius 
Cf  thai  are,  and  thia  last  being 
moveable  on  the  piTot  the 
^  ,y    two  arms  may  ne  made  to 
1  form  any  given  angle  with 
®  each  other.    The  transverse 
arm  is  grooved  or  slit  from  n 
to  r,  except  at  k,  where  there 
is  a  little^  cross  piece  to 
strengthen  it.    By  means  of 
this  Slit,  and  the  two  pins  m 
and  fi,  thia  arm  maybe  slid  across  the  diameter  of  the  arc,  passing 

How  may  crystals  having  a  general  resomblance  be  found  to  differ? 

What  is  the  primitive  form  of  carb(jnaie  of  lime  ?— of  the  tourmaline  ?  . 

By  what  instninlMnta  are  she  angles  of  crystals  msasaied  f 

What  is  the  orrlinary  form  of  the  goniometer? 

Who  fiwt  discovered  the  constancy  of  angles  in  crystals!  (See  note.) 

Deiffiribe  the  common  goniometer  ? 


*  Rora6  de  Tlsle  first  called  the  attention  of  mineralogists  to  the  remark- 
able fact,  "  that  notwithstanding  the  irregular  and  changeable  enlarge- 
ments of  certain  faces,  and  the  indistinct  formation  of  the"  edges  between 
these  faces,  the  angle  at  which  they  meet  always  remains  constant.  This 
peculiarifv  aff<)rds  one  of  the  most  distinctive  characters  Avhioh  minerals 
possess;  one  by  which  the  mineralogist  is  frequently  led  immediately  to 
the  determination  of  a  species,  and  which,  therefore,  it  is  evidently  of  ex- 
treme imporlance  he  thouU  ascertain  with  precision."— 3lanuaZ  of  Mine* 
ralogy,  comprehending  the  more  Recent  Discoveries  in tki  Jfiweitrf  JSvugdmi^ 
By  Kobffi  Allan,  FJ.6Jk»MGJ3.  1834.  p.  16. 
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through  the  points  zero  and  180°.  The  pin  m  passes  through  a 
brass  knob  behind  the  arm  F  Ci,  wiiich  is  attached  to  the  semi- 
circle at  N,  and  by  the  bar  O.  The  aim  A  B  has  a  grow  from 
C  to  fi,  by  meana  of  whieh,  when  neceasaiy,  that  arm  may  be 
shortened,  by  sliding  it  upwaida* 

63.  In  order  to  use  this  instrument,  it  is  merely  reqnisite  to 
place  the  crystal  to  Jt)e  measnred  between  the  compas8C8,^he  arms 
of  which  being  brought  in  exact  contact  with  the  planes  forming 
the  angle  required,  and  the  arm  A  B  applied  to  the  protractor,  the 
Talue  of  the  anrrlp  may  be  read  off  at  the  fiducial  edge  z  s. 

54.  Though  tins  instrument  is  serviceable  to  ascertain  to  a  given 
extent  the  angles  of  crystals,  it  is  far  inferior  in  accuracy  to  the 
reflective  goniometer,  invented  by  Dr.  Wollaston,  the  ase  of  which, 
howerer,  requires  moi»  skill  and  attention  in  the  experimenter. 
For  an  aeconnt  of  the  latter,  and  of  the  method  of  employing  it, 
we  must  refer  the  reader  to  the  works  of  those  who  have  treated 
the  subject  of  crystallometry  more  fully  than  is  consistent  with 
the  limits  to  which  we  are  confined.* 

55.  Amontr  the  latest  and  most  important  improvements  in  crys- 
tallographical  mineralogy,  is  the  introduction  of  crystallometrical 
systems  :  as  the  tesseral  ;  the  tetragonal,  or  square  pyramid  of 
Mohs  ;  the  rhombic,  or  oblong  pyramidal,  or  prismatic  of  Mohs ; 
the  Thomboedral  of  Mohs,  or  hexasonal  of  Naumann;  and 
the  monoklinoedral,  diklinoedral,  and  triklinoedral  of  the  last 
mentioned  writer.  Some  notion  may  perhaps  be  formed  of  the 
nature  of  these  distinctions  from  ihe  following  representation  : 

56*  *^  If  we  conceive  a  square  steeple  with  all  the  four  sides  of 
the  walls  and  roof  exactly  alike,  so  that  every  slope  and  face  which 
occurs  on  one  side  occurs  similarly  on  the  other  three,  we  have 
before  us  a  form  belonnring  to  the  square  pyramidal  system.  If,  in- 
stead of  this,  we  imairine  a  house  of  which  the  two  ends  are  like 
each  other,  and  the  two  sides  also  precisely  like  each  other,  but 
different  from  the  formefj  this  will  belong  to  the  oblong  prismatie 
or  rhombic  system.  If  again  we  conceiYe  a  triangular  pillar,  as  an 
ancient  tripod,  its  three  sides  being  similarly  cut  and  ornamented, 
this  will  belong  to  the  rhomboedral  system.t  ^^^^ 
faces  may  be  terminated  by  slopes,  which  may  meet  and  form  an 
apex,  resembling  in  all  respects  the  apex  of  a  rhomboedron.  And 
ii  each  of  its  three  faces  be  formed  into  an  edge,  by  planes  sloping 
to  the  rinrht  and  left,  the  form  may  be  thus  converted  into  a  six- 
sided  pillar  with  no  loss  of  its  regularity. 

On  what  principle  does  tho  goniometer  of  Wollnsfon  operate  T 
What  constitutes  tlie  \hIvhi  iniproveraent  in  crysrailography  ? 
Illustrate  the  views  of  iSiauraann  on  this  subject? 


*  A  description  of  Dr.  Wol  Ins  ton's  goniometer,  with  the  mode  of  using 
it,  illustrated  by  a  diagram,  will  be  found  in  Brande's  Manuel  of  Cherais- 
tnr,  vol.  i.  pp  ia-»13 ;  or  in  Mm.  Lowiy's  Convemttoos  on  MhMrelogy, 
2d  ed.,  vol.  i.  pp.  71—75. 

^  '^^jl^^'Py^drai  and  rhomoic  sytenis  nro  quite  distinct.    A  rhombic 
Tti  in  bawe  m  rborab  j  a  rhoral>oedroa  has  all  iu  sides  equal  rhombii. 
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57.  "  If  we  conceive  the  form  of  the  house  of  which  we  spoke, 
as  representincT  the  prismatic  system,  to  be  made  less  regular,  by 
sloping  its  end  walla  in  the  direction  of  one  end,  we  have  the 
moooldinoedral  system,  and  if  the  side  walls  slope  also,  we  may 
haye  thus  the  dikUnoednl  um)  titkliooedral  forms. 

"The  teaseral  or  tessalar  system  inelodes  the  Ibrms  wki^ 
aie  derived  from  the  regular  solids  of  geometry,  the  oabe»  the 
octaedroii,  the  dodecaedron.  * 

58.  "  This  distinction  of  different  kinds  of  forms  is  one  founded 
on  the  most  general  relation  of  their  parts,  and  regulated  bj  the 
degree  and  kind  of  their  symmetry.  The  claim  of  priority  m  in- 
troducing this  classification  of  forms  has  been  a  subject  ofcontro- 
versy  between  Prof.  Mohs  and  Prof.  Weiss.  However  this 
question  may  be  decided,  the  merit  of  this  valuable  simplificaUoii 
rests  between  them ;  and  all  most  allow  &e  propriety  with  wbleh 
Prof.  Naumann,  of  Freiberg,  the  aoUior  of  the  best  recent  system 
of  crystallography^  has  dedicated  his  work  ^^ioIMaand  WeuBfikM 
Coryphad  4ff  Qtrnum  Crystaikg/i^^hen*^^* 

* 

Explain  the  terms  monoklinoedral  and  diklinoedral  ? 
To  what  two  philosuphen  are  we  indebted  lor  the  introduction  of  the 
crystallometrical  ayilenu  f 

*  Report  of  Brit  Assoc.  1832.  pp.  328,  329.  For  a  further  explanation 
of  the  crystallographic  svBtem  of  rro£  Mohs,  see  Allan's  Mamulofifiae* 
lalogy,  Intiiod.,  pp.  18^  Id. 


JForki  relaOng  to  the  dqMarimeni  of  CryoUJUography. 

Turner's  Chemistry.    Phila.  edition,    pp.  424 — 433. 
Webster's  Mannal  of  Chemistiy  on  the  basis  of  Brando's.  1  vol* 
870.  p.  9. 

Gorham's  Chemistry.  1  vol.  8vo.  pp.  8 — 21;  with  a  plate 
illustrating  the  hypotheses  of  Wollaston  and  Daniell. 

Rome  Delisle  Crystallographi6.    3  vols.  12  mo.  1783. 

Huay  Crystallographie.  2  vols.  8vo. ;  and  an  astlaof  84  plateB| 
illustrating  his  views  both  synthetically  and  analytically* 

Boornon  IVaite  de  Mineralogie.  3  rols.  8to. 
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GEOLOGY. 


1*  GioiMy  is  a  science  exclusively  of  modern  erigin,  pre* 
•sntlnif  to  our  notice  a  sffies  of  facts  and  deductions  resultingr 
from  researches  almost  entirelj  of  &  recent  date.  It  relates  to 
bodies,  m altitudes  of  which  mast  necessarily  hare  attracted  the 

attention  of  mankind  in  all  ae^es  and  countries,  and  many  of  whose 
properties  have  been  frequently  and  closely  investigated  ;  but  ii 
is  the  peculiar  purpose  of  this  branch  of  philosophy  to  develope 
the  relaiions  of  natural  substances  as  contributintr  to  form  the  ter- 
restrial globe ;  and  hence  the  interest  or  importance  of  any  given 
object,  as  a  block  of  granite  or  marble,  a  nodule  of  flint,  a  petri- 
fied shell,  a  fragment  of  fossil  bone,  or  ai^  other  nataral  produo- 
tioB,  is  not  decided  on  by  the  geologist  with  reference  to  its 
ehemical  composition  or  peculiar  structure,  simply  considered  $ 
but  chiefly  accordincr  to  the  indications  it  may  afford  concerniofir 
the  mode  of  its  derivation,  and  the  situation  it  originally  occopieo, 
as  composing  a  part  of  the  crust  or  exterior  of  the  earth. 

2.  The  proper  object  and  desitrn  of  g^eoloiry,  therefore,  must  be 
the  study  of  the  general  structure  of  what  may  be  t.ermed  the  shell 
of  the  terrestrial  globe;  for  though  speculations  relative  to  the 
natuie  of  the  internal  strata,  or  eiren  the  nucleus  of  the  mass,  are 
not  wholly^  inadmissible,  vet  they  must  ever  be  regarded  as  of 
secondary  importancd,  and  should  be  no  further  pursued  than  they 
are  warranted  by  those  facts  and  appearances  which  come  imme- 
diately under  our  observation.  This  consideration,  however,  was 
entirely  lost  sight  of  by  those  earlier  writers,  who  either  incident- 
ally or  professedly  treated  of  the  structure  of  the  earth.  It  would 
be  profitless  labour  to  pursue  at  length  the  reveries  of  a  host  of 
bold  theorists,  who  sprung  up  between  the  period  of  the  revival  of 
learning  in  Europe  and  the  middle  of  the  last  century ;  and  whose 
systems  of  cosmogony,  as  they  vainly  styled  them,  nave  by  more 
sober  Inquirers  been  justly  stigmatized  as  romances,  indebted  for 
tht'ir  existence  to  the  prolific  powers  of  imagination. 

8*  But  while  so  many  philosophers  were  busily  employed  in 
endeavouring  to  erect  systems  of  cosmogony  on  the  basis  of  their 
own  most  imperfect  knowledpre  of  the  nature  of  mineral  bodies, 
or  drew  their  ephemeral  theories  solely  from  imagination,  Uiere 
were  some  who  more  wisely  applied  themselves  to  the  observa- 

To  what  era  in  philowphjr  doM  the  science  of  geology  pertain  f 

What  Ik  the  peculiar  province  of  this  science? 

How  does  the  geologist  diiier  from  the  chemist  or  mineralogist  in  his  ea* 
tiiiiate  of  a  natural  object? 
What  part  of  the  globe  cbnstitotet  the  proper  objeet  of  geological  hivea* 
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tion  of  nature,  and  to  the  collection  of  correct  iifcrmation  ielativ)0 

to  the  productions  of  the  mineral  kingdom  in  general,  and  espe- 
cially concerning  tho^p  fos^siU  which  exhibit  tracea  of  bariog 
originated  from  ortranization. 

4.  Bernard  Palissy,  a  pottpr  of  Saintps,  towards  the  end  of  the 
sixteenth  century,  is  said  by  Fontenelle  to  have  been  the  first  who 
rentured  to  assert  in  Paris,  in  opposition  to  the  prevailing  opinion, 
that  petrified  ahella  were  the  remains  of  teetaoaoaa  animals  that 
had  rormerly  lived  in  the  sea,  and  that  all  these  were  not  depo- 
sited at  the  untTersal  deluge.  He  wrote  on  the  Origin  of  Springs 
from  Rain-water,  and  other  scientific  works ;  and  he  had  the  merit 
of  displaying  much  jusler  views  of  the  operations  of  nature  than 
most  of  his  coniemporaries,  though  his  ideas  mot,  in  his  own 
time,  with  a  very  faint  r(  ception.  Similar  notions  were  ad- 
vocated by  Nicholas  vStoao,  a  Dane,  who  became  professor  of 
anatomy  at  Padua  in  Italy,  in  1G()9  ;  and  Hooke  and  iiay,  in  Eng* 
land,  distinguished  themselves  by  opposing  facts  to  visionary 
theories. 

5.  Leibnit^B,  in  his  Protogaea,  published  in  1680,  advanced  the 
bold  hypothesis,  that  the  earth  was  originally  a  burning  luminous 
mass,  the  ^dual  refrigeration  of  which  produced  the  primitive 
rocks,  forming  at  first  a  solid  crust,  and  this  being  ruptured,  owing 
to  irregular  contraction,  the  fragments  fell  into  the  universal  ocean 
formed  by  the  condensation  of  vapours  on  the  surface  of  the  globe. 
He  proceeds  to  trace  the  production  of  inundations,  convulsions,  and 
attrition  of  solid  matter,  by  its  subsequent  deposition  constituting 
the  various  kinds  of  sedimentary  or  stratified  rocks.  Hence,  he 
observes,  may  be  conceived  a  double  origin  of  primitive  masses: 
(1.)  By  cooling  after  igneoo8*fusion ;  (J.)  By  re^concretion  ftom 
aqueoas  solution.*  "Here,"  says  Mr.  Conybeare,  "we  have 
distinctly  stated  the  great  basis  of  every  scientific  classification 
of  rock  formations."!  The  gprand  feature  of  the  theory  propounded 
by  Leibnitz,  relative  to  the  candescent  state  and  gradual  cooling 

.  of  the  earth,  was  adopted  not  only  by  Whiston,  but  likewise 
more  recently  by  Butfon,  Deluc,  and  other  theorists. 

6.  Amontr  those  men  of  science  who  contributed  to  the  ira- 
provement  of  geology,  by  their  researches  into  the  actual  8truc« 
tore  of  the  earth^s  crust,  was  Tilias,  a  Swede;  who,  aware  of  the 
importance  of  an  exact  knowledge  of  mineral  bodies,  publisfaed 

Who  19  said  to  have  first  made  collections  of  fossil  remains? 
What  Dnnish  and  Ent^lish  urirera  followed  a  similar  course  ? 
What  view  ofilie  cause  of  rotk  formations  was  taken  by  r.eibnittf 
How  does  that  view  correspond  with  the  present  received  opinions? 
What  Swediih  writer  early  contributed  to  the  stock  of  lactt  rdattng  la 
geology? 

*  **  Undo  jam  daplex  origo  intelligitur  primorum  corpomm,  ana,  com  ab 
ignis  fusione  refrigeaceren^  altera,  cum  reconcraacerent  «x  tolutioiie  aqusi* 

rum." 

t  Progreiw,  Actual  State,  and  Ulterior  Proapecta  of  Geological  Science, 
in  Repoit  of  British  Aaioeiatioii  for  1838,  p.  968S» 
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Vi  1750  spveral  t^o^raphical  descripliqns  illustrative  of  the  ^eo 
logy  ol  ff  rf.iiii  districts  in  Sweden.  He  was  followed  by  Leh* 
man,  a  (•crrnan  inineralop^ist,  din  ctor  of  mines  in  Prussia,  who, 
in  an  Essay  towards  a  Natural  History  of  the  Strata  of  the  Earth, 
1750,  proposed  a  division  ot  mountains  into  those  formed  before  the 
creatioa  of  animala,  and  ooDtaioing^  no  fragmanta  of  other  rocks ; 
mountiina  whieh  weia  darived  from  tho  partial  deatnicdon  of  the 
primary  roeka  by  a  general  reyolution ;  and  those  which  reanlted 
from  ]ocd\  reTolntiona,  and  in  part  from  the  Noachian  deluge. 

7.  Many  other  writers  now  appeared,  who  advantag^eonaly 
directed  their  attention  to  the  investigation  of  particular  topics 
connected  with  this  subject;  as  the  causes  and  phenomena  of 
earthquakes  and  volcanos,  the  formation  of  deltas  or  low  tracts 
at  the  mouths  of  rivers,  the  actual  structnre  and  position  of  the 
mineral  strata,  and  the  description  of  fossil  remains  of  animal  or 
vegetable  origin,  ^monir  ihuse  who  rendered  important  services 
to  the  caoae  of  science  by  advancing  general  viewa  of  the  ikmj 
of  the  earth,  were  Dr.  Jamea  Hutton,  of  Edinburgh,  and  Profea- 
aor  Wernar«  of  Freyl^erg*  in  Saxony.  These  celebrated  pliiloso- 
phers  produced  ayatems,  in  one  respect,  diametrically  opposite  to 
each  other ;  for  while  Hutton  attributed  the  formation  or  the  older 
rocks  entirely  to  the  agency  of  fire,  Werner  insisted  that  they 
originated  from  solution  in  a  liquid. 

8.  Th<)  German  g^eologist  deserves  the  credit  of  having  directed 
the  attention  of  his  pupils  to  the  constant  relations  of  mineral 

groups,  and  their  regular  order  of  superposition  ;  distinguishing 
le  classes  of  primary  rocks,  or  those  oaatitute  of  organic  remains, 
as  granite  and  gneiss;  transition  or  secondary  rocks,  formed  from 
the  disintegration  of  the  preceding,  and  occasionally  exhibitinff 
traoea  of  organic  remains,  as  grey  wacke,  a  mechanical  compound 
of  agglutinated  fragments;  fh>etz  or  tertiary  rocks,  including  the 
ooal  strata,  chalk,  and  freestone,  some  of  which  abound  in  organic 
relics;  and  besides  these,  alluvial  strata  and  volcanic  rocks,  the 
latter  of  which  he  seems  to  have  regarded  as  of  little  importance,  . 
for  he  asserted  that  in  the  primeval  ages  of  the  world  there  were 
no  volcanos. 

9.  The  great  merit  of  Hutton  conaiata  in  hia  having  demon- 
atrated  the  i^neoua  origin  of  basalt,  and  other  trap  rocka ;  the 
high  probability  that  granite  ia  deriyed  from  the  aame  aoorce ;  and 
that  the  other  primary  non-foasilliferoua  rocka  haye  been  more  or 
leas  subjected  to  the  agency  of  lire.  '^Tlie  rnins  of  an  older 
■world,'*  said  Hutton,    are  visible  in  the  present  structure  of  our 

lanet,  and  the  strata  which  now  compose  our  continents  have 
een  once  beneath  the  sea,  and  were  formed  out  of  the  waste  of 

What  was  the  dlyiskM  of  mountains  proposed  by  Lehman? 
What  two  writers  attempted  to  reduce  to  geological  systems  the  dhssff 
vations  of  naturalists  before  the  end  of  the  eighteenth  centuiy  f 
What  is  the  difibrence  of  their  views  I 

Who  fimnad  the  division  of  rocln  into  nrimarg,  aeetmiary,  and  Urtiartt  t 
1^  what  pecultor  merit  is  the  EngUdiiiieonst  entiOed  t 
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pre-existing  continents.  The  same  forces  are  still  destroying,  by 
chemical  decomposition  or  mechanical  yiolence,  even  the  hardest 
rocks,  and  transporting  the  materials  to  the  sea,  where  they  are 
spieBd  only  and  form  strM  anal^oaa  to  lliose  of  more  aneioDt 
date.  Altboagb  loosely  deposited  alofig  the  bottom  of  the  oceaoy 
they  become  afterwards  altered  and  ooBi^dated  hf  TC^caoio  heaty 
and  then  heaved  up,  fractured  and  contorted."* 

10.  The  theor}^  of  Hutton  was  admirably  illustratpd  and  ably 
supported  by  Professor  Playfair,  of  Edinburgh,  while  it  was 
assailed  by  Murray,  Kirwan,  Deluc,  and  others,  a  violent  contro- 
versy being  maintained  between  the  partizans  of  Werner,  who 
were  called  Neptunists,  as  ascribing  the  formation  of  all  rocks  to 
water;  and  those  of  Hutton,  styled  Vulcanists,  because  they 
attribnled  the  original  farmation  of  rocks  to  foe.  The  Neptoniataf 
fcNT  a  time,  conatitated  by  mncb  the  more  wuneTOus  party ;  but  in 
the  course  of  these  discussions,  it  waa  at  length  perceived  that 
speculation  hadvon  both  sides,  been  osrried  fiurther  than  was  war- 
ranted by  the  extent  of  existing  information  ;  and  that  while 
neither  the  theory  of  Werner,  nor  that  of  Hutton,  could  be  consi- 
dered as  affording  an  explanation  of  all  the  phenomena,  or  making 
near  approaches  to  perfection,  there  were  many  poials  with  re- 
spect to  which  the  researches  and  observations  of  both  these  phi- 
losophers contributed  to  the  extension  of  our  knowledge,  and  the 
improvement  of  the  science* 

11.  A  new  school  at  last  arose»  who  professed  the  strictest 
neotiality  and  the  utmost  indifference  to  the  systems  of  Wer- 
ner and  Hatton*  and  who  resolved  diligently  to  devote  their  la- 
bours to  observation.  The  reaction,  provoked  by  the  intemperance 
of  the  contending  parties,  now  produced  a  tendency  to  extreme 
caution.  Speculative  views  were  discountenanced  ;  and  through 
fear  of  exposing  themselves  to  the  suspicion  of  a  bias  towards  the 
dogmas  of  a  party,  some  geologists  became  anxious  to  entertaia 
no  opinion  whatever  on  the  causes  of  phenofnena«  and  were  in- 
cdined  to  scepticism,  even  where  the  conclusions  deducible  Irom 
observed  fscts  scarcely  admitted  of  reasonable  doubt. 

IS.  But  alUioug^  the  reluctance  to  theorize  was  carried  some- 
what  to  excess,  no  measure  could  be  more  salutary  at  such  a  mo- 
ment than  a  suspension  of  all  attempts  to  form  what  were  termed 
theories  of  the  earth.  A  great  body  of  new  data  was  required,  and 
the  Geological  Society  of  London,  founded  in  1807,  conduced 
greatly  to  the  attainment  of  this  desirable  end.  To  multiply  and 
record  observations,  and  patiently  to  await  the  result  at  some  fa- 

What  did  Hutton  soppoae  to  have  heen  the  origin  of  the  psesent  contl- 

nente  ? 

'    Who  have  iUufiUrateci  the  theory  of  Hutton  ? 

What  course  was  adopted  to  frae  the  scieBoa  of  gedlogy  ftem  diafrntes 

about  theories  ? 
What  was  the  efiect  of  that  courae  ? 

*  Lyell's  Principles  of  Geology,  3d  od,  1834,  vol.  I.  pp.  SSf  39;  fiom 
HutUMi'a  Theory  of  Ihe  Earth. 
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ture  period,  was  the  object  proposed  by  them ;  and  it  was  their 
favourite  maxim,  that  the  time  was  not  yet  come  for  a  general 
system  of  geologry,  bat  that  all  mast  be  eeotent  for  Many  yeava 
to  be  ezelnsively  en^ged  in  toniahing  materials  for  fatare  gene- 
ralizations. By  acting  up  to  these  principles  arith  eoasistency* 
they  in  a  few  years  disarmed  sll  prejadice,  aad  lescued  the 
science  from  the  imputation  of  betag  a  daogefoaSy  or  at  best  baft 
a  visionary  pursuit."* 

13.  One  train  of  research  which  was  now  pursued  with  great 
ardour,  and  which  contributed  mucii  to  tlie  improvement  of  science, 
was  respectinrr  tlie  nature  of  the  organic  remains,  which  were 
found  imbedded  in  various  strata  in  different  parts  of  thu  world. 

CnTier»  the  celebrated  anatomist  and  aoologist,  professor  of  nata- 
tal  history  at  Paris,  acqoired  great  disttnelioa  by  tiie  namber, 
aocaracy,  and  importance  of  the  disooTsries  whicb  be  made  rela- 
live  to  the  generic  and  specific  cliaraoters  of  the  animals,  fng- 
ments  of  whose  bones,  and  other  constituent  parts,  occurred  to 
notice  in  the  course  of  his  long  and  laborions  investigations.  He 
ascertained  that  numerous  living  beings  of  different  classes,  which 
hav^  no  existing  analogues,  once  inhabited  the  surface  of  the 
globe;  and  that  the  relative  priority  of  the  several  strata  might, 
to  a  certain  extent,  be  inferred  from  the  characters  of  the  organic 
remains  included  in  thera. 

14.  AmoBff  the  recent  cultivators  of  this  branch  of  seienee 
besides  CnVier,  may  be  named  Alex.  Bron^iidrt,  Lamoaronx, 
Lamarck,  Deshayes,  Marcel  de  Serres,  Brocchi,  Goldfuss,  Parkin- 
son, Buckland,  (yonybeare,  J.  S.  Miller,  Mantell,  Lonsdale,  Say, 
Morton,  and  Harlan,  who  devoted  their  attention  chiefly  to  fossil- 
ized animal  remains ;  and  Adolphe  Brogniart,  Witham,  Lindley, 
and  VV.  Hutton,  whose  investigations  have  been  especially  directed 
to  botanical  oryctology.  The  results  of  their  researches  relative 
to  these  subjects,  and  those  of  other  geologists  concerning  the 
mineralogical  structure  and  pcsili<m  of  rocks  and  moontains,  and 
the  modifying  inflnence  of  existing  causes  on  the  surface  of  Hie 
earthfhave  greatly  contributed  to  me  augmentation  of  our  know- 
ledge  of  the  nature  and  arrangement  of  the  superficial  strata  of 
the  planet  on  which  we  dwell,  which  must  be  regarded  as  the 
only  sure  foundation  of  a  true  system  of  ^eognos}',  which  may 
verify  or  overturn  the  conjectural  speculations  of  those  pliiloso- 
phers  who  wrote  durino-  the  infancy  of  the  science. 

15.  "  When  we  compare  the  result  of  observations  in  the  last 
thirty  years,  with  those  of  the  three  preceding  centuries,  we  cau- 

To  what  particular  branch  of  the  suhject  were  inquiries  directed  t 

Who  look  tlie  lend  in  those  researches  ? 

What  hns  been  the  efiect  of  the  inductive  observations  of  modem  phi- 
losophers ? 

What  estimate  is  to  be  pot  npon  the  pesulfs  of  these  niqwries  compared 
with  those  of  £wmer  years  f 


*  |jyeU'«  Principles  of  Geology,  vol  u  pp,  102, 103, 
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not  but  look  forward  with  the  moat  sanguine  expectations  to  the 
degree  of  extsellence  to  wliieh  gpeology  nnay  ba  eaiTied»  even  by 
the  laboon  of  Ibe  preeem  generation* .  Never,  perhaps,  did  any 
science,  with  the  exeeption  of  astronomy,  unfold,  in  an  equally 
brief  period^  so  many  novel  and  unexpected  truths,  and  overturn 
80  many  preconceived  opinions.  The  senses  had  for  ages  declared 
Uie  earth  to  he  at  rest,  until  the  astronomer  tauofht  that  it  was 
carried  through  space  with  inconceivable  rapidity.  In  like  man- 
ner was  the  surface  of  this  planet  regarded  as  having  remained 
unaltered  since  its  creation,  until  the  geologist  proved  that  it  had 
been  the  theatre  of  reiterated  change,  and  was  still  the  subject  of 
alow  bnt  noTei^nding  flnetuatiooa. 

t&  The  discovery  of  other  systems  to  the  bonndleaa  legtona  of 
apace  was  the  triumph  of  astronomy ; — to  trace  the  same  ayatem 
through  various  transformations — to  behold  it  at  auceesaive  eraa 
adornefl  with  different  hills  and  valleys,  lakes  and  seas,  and  peo- 
pled With  new  inhabitants,  was  the'delightful  meed  of  geological 
research.  By  the  geometer  were  measured  the  regions  of  space, 
and  the  relative  distances  of  the  heavenly  bodies ; — by  the  geolo- 

Sist  myriads  of  a^s  were  reckoned,  not  by  arithmetical  computa- 
on«  but  by  a  train  of  physical  events— a  aocoesalon  of  pheno* 
mena  in  the  animate  ana  inanimate  worlda— eign»which  convey  to 
our  minds  more  definite  ideas,  than  figuxea  can  do»  of  the  immeo- 
aity  of  time."* 

17.  "  By  the  discoveries  of  a  new  science,  (the  very  name  of 
which  has  been  but  a  few  years  inorrafted  on  our  language,)  we 
learn  that  the  manifestations  of  God's  power  on  earth,  have  not  been 
limited  to  the  few  thousand  years  of  man's  existence.  The  geo- 
logist tells  us,  by  the  clearest  interpretation  of  the  phenomena 
which  his  labours  have  brought  to  light,  that  our  globe  has  been 
aubjecC  to  vaat  physical  leTolutiona.  tie  counts  his  time,  not  by 
eeleatial  eydea,  but  by  an  index  which  he  has  found  in  the  solid 
framew^prk  of  the  globe  itself.  He  aees  a  long  succession  of 
monuments,  each  of  which  may  hare  required  a  thousand  ages 
for  its  elaboration.  Tie  arrangj-es  them  in  chronological  order,  ob- 
serves on  them  the  marks  of  skill  and  wisdom,  and  finds  within 
them  the  tombs  of  the  aJicient  inhabitants  of  the  earth, 

18.  He  finds  strange  and  unlooked-for  changes  in  the  forms 
aud  fashious  oi  organic  lii'd  during  each  of  the  long  periods  he 
thus  contemplates.  He  traces  these  changes  backwards  through 
each  aucceaaiTe  arai  till  he  reaches  a  time  when  the  moouknenta 
lose  all  aymmetry,  and  the  types  of  ofgranic  life  are  no  longer  asen. 
He  has  then  entered  on  the  daric  age  of  nature^s  histoiy ;  and  he 
closea  the  old  abater  of  her  recorda.   This  account  has  ao  much 

Wliat  two  groat  errors  have  astronomy  and  geology  removed  I 

What  diteoveriss  have  they  respectively  effected  ; 

What  is  the  tetotive  aatuie  of  organUnd  beings  st  present  compared  to 

that  of  forrner  geological  periods  ? 


*  Lyell's  Phaciples  of  Geology,  vol.  i.  pp.  106, 107. 
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€f  ulttt  is  MBodr  tni6|  diil  itlMcdly  dBtMVMT  lh#  nnM  of  l^|sn» 

F(gun  andMagniiude  of  the  Earthy  Ua  Mm  Dauity^  Superfieial 

Conformation  and  S^ruOure^ 

19*  Before  we  proceed  to  describe  tihe  present  state  of  the 
emst  of  the  earthy  and  inrestigate  the  probable  causes  of  its  on- 
gia  and  structure,  with  the  nature  of  the  strata  or  more  irregular 

masses  of  which  it  is  composed,  it  will  be  Teqiiisite  to  notice 
those  facts  concerninnr  the  general  figure,  dimensions,  and  den- 
sity of  the  terrestrial  <rlobe,  and  of  the  contour  of  its  surface,  as  a 
body  of  land  and  water,  for  a  knowledge  of  which  we  are  in- 
debted to  the  researches  of  astronomers  and  geographers. 

30.  That  the  figure  of  the  earth  is  spherical,  or  rather  spheroidaJL 
Hiouffh  a  matter  of  diapute  among  ancient  philosophers,  and  ttiu 
disbelieTed  by  the  Tnlgar,  is  now  admitted  as  an  incontestable 
troth  by  all  well  informed  persons.  The  cnrred  surface  of  the 
aea  warn  viewed  from  the  shore,  and  the  observation  that  the 
upper  rigginor  of  an  approaching  ship  becomes  visible  to  a  distant 
spectator  before  the  hull  comes  in  sight,  while  the  hull  first  dis- 
appears when  the  vessel  is  receding,  prove  that  the  object  ia 
question  must  be  moving  in  the  circumference  of  a  great  circle. 

21.  A  similar  conclusion  may  be  drawn  from  the  changing 
aspect  of  the  heavens  to  an  observer  travelling  from  north  to  south. 
For  though  the  stars  and  the  constellations  they  form  will  be 
found  to  maintain  the  same  relative  positions  with  respect  to 
those  aroond  them,  and  the  points  on  which  the  celestial  dome 
appears  to  revolve  remain  unaltered,  yet  the  angle  which  its  axle 
of  revolution  forms  with  the  horizon  continually  lessens ;  and  thus 
any  star,  which  at  the  place  whence  it  started,  seemed  to  the  ob- 
server to  have  reached  its  greatest  elevation  to  the  south  of  the  point 
directly  above  his  head,  now  that  he  has  altered  his  position, 
will  appear,  when  highest,  on  the  north  of  that  point;  clearly  in- 
dicating that  his  path  on  the  esrth^s  smrfaee  has  not  been  a  right 
lincy  hot  a  oorve,  of  which  the  convexity  b  tamed  towards  the 
rityt  eoiresjponding,  in  feet,  more  or  less,  with  a  meridian  of  lon^ 
gitude.  The*  appearance  of  the  moon  when  eclipsed^  Hkewise 
iirnishes  demonstrative  proof  of  the  spheroidal  figure  of  the 
earth,  for  lunar  eclipses  are  cansed  by  its  circular  shadow  inters 
cepting  the  light  of  the  sun  from  the  moon^s  disk. 

What  geographical  subjects  are  connected  with  geological  science? 
What  evidence  have  we  of  the  spheficsl  ferm  of  the  earth f 
What  astronomical  observations  demonstrate  this  fact  ? 
What  particular  celestial  phenomenon  occur  in  going  from  a  north  to  a 
south  latitude  ? 

•  Discourse  on  the  Studies  of  the  University,  by  Adara  Sedjrw'ick,  M.A 
F.R.S..  WoodwanliaQ  Professor,  and  Fellow' of  Trin.  Coll-^Pmb.,  1834, 
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fidir  It  Im  been  fiMHud,  however,  both  from  tstronmiiM  ftiul 
gaodesioal  obsemtions,  that  th6  earth  is  not  a  perfect  sphere, 
bat  that  its  fig^ure  is  that  of  an  oblate  spheroid,  or  sach  a  solid 
as  woold  be  formed  by  the  reyolution  of  a  fluid  mass  in  open 
space.  Huygeiis  and  Newton  deduced  the  real  figure  of  the  earth 
from  the  doctrine  of  central  forces  of  bodies  revolving  in  circles, 
and  their  conclusions  were  subsequently  verified  by  actual  mea- 
surements of  degrees  of  the  meridian  in  various  latitudes.  It 
appears,  however,  that  though  the  polar  diameter  of  the  earth  is 
certainly  smaller  than  its  equatorial  diameter,  the  exact  difiereoee 
biHwsen  them  has  not  yet  been*aeeiiratelj  aseertatned«  It  has 
been  estimated  by  some  at  part  of  the  equatorial  axis,  by 
others  at  part;  bat  Professor  Wallace  say«:  Wemay  as- 
same,  wi&oot  sensible  error,  that  the  equatorial  axis  is  to  the 
fiolar  as  334  to  333  ;  the  difference,  therefore,  of  the  semiaxes, 
compared  with  the  equatorial  radius,  will  be  I  part  in  334.  The 
fraction  of  ^^-^^  that  is,  the  dilference  of  the  semiaxes  divided  by 
the  equatorial  radios,  is  ealled  the  compression  of  the  earth  at  the 
poles."* 

23.  The  determination  of  the  figure  of  the  earth  leads  to  con- 
clusions respecting  its  mean  density,  which  also  has  within  cer- 
tain limits  been  sufficiently  ascertained.  Sir  Isaac  Newton,  rea- 
soning on  the  supposition  of  uniform  density  in  the  earth,  esti- 
mated its  eompresston  at  the  poles  as  ^  ^  ^  of  its  diameter*  Now^ 
since  experiment  has  demonstrated  that  the  compression  is  less. 

In  what  manner  do  eclipflcs  of  the  moon  demonstrate  iheipherical&rm 
of  the  earth  ?    What  is  the  true  fipiire  of  the  earth  ? 
.   What  it  the  relation  between  the  equatorial  and  polar  diameters  of  the 
earth? 

What  has  been  assigned  by  Newton  ai  the  comprewkm  of  the  earth  at 

the  poles  on  the  supposition  of  a  uniform  density? 


*  Murray's  Encyclope&dia  of  Geography,  1834,  part  ii.  b.  i.  ch.  19,  p.  128L 
^  At  the  earth  net  a  movement  of  rotation  about  its  azw,  all  its  pnria 

will  be  animated  with  a  certain  degree  of  centrifugal  n)rce,  which  must 
be  more  or  less  considerable  as  the  purls  approach  or  are  distant  from  the 
axi&.  Under  the  ^uator  will  be  the  points  of  greatest  distance  from  the 
Btit,  and  the  centrifugal  (brce  difoetlf  opposed  to  that  of  weight  or  gray^ 
tation,  ought  to  reduce  the  latter  there  more  than  at  any  oUKr  place  ;  ai|4 
ai  parts  intermediate  between  ihe  |x»les  and  the  equator,  the  diminution 
of  weight  ought  to  become  less  sansible,  in  proportion  as  they  are  nearer 
the  polea.  At.either  pole  the  centrifugal  force  will  vanish,  and  bodice 
will  have  the  same  weight  as  if  the  earth  were  at  rest. 

"As  gravity  must  be  t^ornqal  at  the  surface  of  the  sea,  and  as  it  is  the 
resultant  of  terrestial  attraction  and  centrifugal  force,  it  will  be  obviou* 
that  it  niust  vary  at  diflerent  pUeea ;  and  tMt  if  die  eoHh  wm  origitialljr 
e  fluidi  it  could  not,  in  conpequenee  of  its  rotation,  preserve  the  form  of  a 
sphere,  but  that  it  must  assume  that  of  a  Qattaned  spheroid,  which  wo!iM 
be  generated  by  the  revolution  of  an  ellipsis  round  i\»  smaller  axis. 
Thia  also  is  demonstrated  by  experienoe,  ana  that  the  flattening  at  tfie 
poles  rendors  the  axis  l-310th  less  than  the  diameter  at  the  equator.*'-^ 
FrancfPur  Trtiiti  de  Micanique  EUfnenfaire,  1825,  pp.  287,  See  Scieil** 

tiiic  Class  Bouk,pt.  i.  Mechanics,  Nos.  106,  107,  an<l  114  to  122.  " 
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waumaAMg  it  most  Id       It  may  be  eonoivded  hem  Hm  ibssrro- 

tioM  of  Claiiaiilt,  that  if  tke  earth  is  a  spheroid  of  eqiiilllnratfoii,lt 
is  denser  in  the  interior  thaB  at  its  surface  ;  and  from  the  experi* 
inents  of  Dr.  Maak^yse  and  Mr.  H.  CaTendish,*  it  has  been 

inferred  that  the  mean  density  of  the  earth  is  about  five  times  that 
of  water,  and  therefore  double  that  of  the  substances  which  com- 
pose the  crust  of  the  earth,  collectively  considered. 

21.  Since  then  the  mean  density  of  the  terrestrial  globe  is  so 
much  superior  to  that  of  its  superficial  strata,  it  follows  that  the 
iDterior  or  central  parts  must  be  composed  of  more  dense  mate- 
rials than  the  exterior.  On  a  subject  so  open  to  speenlatton  as 
the  eeiistitatlon  of  the  nuoleoa  or  the  eanii,  a  yvmHj  of  eonje^ 
tores,  as  might  be  expeeted^  have  been  hazarded.  The  saperior 
density  of  the  interior  ports  of  the  earth  compared  with  the  exte- 
rior, has  induced  some  to  conclude  that  the  nucleus  of  the  earth 
must  consist  of  some  substance  or  substances  naturally  possess- 
ing high  specific  gravity,  like  certain  of  the  metals.  *'  It  can  be 
neither  gas  nor  water,"  says  Dr.  Bertrand,  "  which  constitutes 
the  interior  mass,  nor  yet  the  heaviest  stony  substances  with 
which  we  are  acquainted,  for  on  this  last  supposition,  the  entire 
spheroid  would  him  bat  one-third  or  cme*ionrdi  of  weight 
which  has  been  attribated  to  it  from  caloulation ;  theiefote  it  mast 
be  coniposed  of  matter  as  ponderons  as  ^e  heaviest  metal8."f 

25.  This  insenous  8pe<nilator,  however,  in  i^robating  the  hy- 
pothesis of  a  fluid  or  gaseous  nucleus  of  the  earth,  has  entirely 
neglected  the  consideration  of  the  relative  compressibility  of  elas- 
tic fluids  compared  with  bodies  which  on  the  surface  of  the  earth 
possess  superior  density.  Mr.  Colehroke,  in  a  paper  published  in 
brande's  Journal  of  Science,  advanced  some  curious  and  interest- 
ing speculations  on  the  internal j)ortion8  of  the  earth,  designed  to 
•how  that  they  may  consist  of  air  and  water,  reduced  by  compres- 
sion to  extraordinary  degftees  of  densi^.  He  observeSy  that  At 
a  certain  assignable  depth  water  may  have  a  densi^  greater  than 
that  of  those  solids  which  are  most  abundant  in  the  crust  or  Shell 
of  the  terrestrial  globe.  Hence  it  would  follow  that  water  at  a 
very  great  depth  would  be  capable  of  floating  bodies  which  at  the 
surface  sink  by  their  superior  weight,  provided  density  and  spe- 
cific gravity  increase  much  less  rapidly  in  the  solid  than  in  the 
liquid,  und^corresponding  degrees  of  compression. 

26.  Let  a  sphere  now  be  supposed,  having  the  same  mean  tem- 
perature of  its  mass,  and  exclusively  composed  of  gas ;  for  in- 


What  did  Maskelyne  and  Cavendish  demoDstnte  in  ngutd  to  the 
density  of  the  globe  f 
Tb  triia^Mpporitmi  has  this  leialt  led  f 

What  were  Bertrand's  views  of  this  subject  f 

What  are  the  eshsulstiont  of  Colebrooke  oa  the  ecanptesnbiiity  of  air 

and  water  t 

When  Might  heavy  eolidf  be  iband  te  float  la  water  f 


*  See  Scientific  Clam  Book«  pt  L  pp.  40, 4L 
t  Lett,  eur  lee  Rev.  du  Globe,  p.  4X1 
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8laM^  atmospherie  ah.  It  can  be  conceiTed  that  this  gta,  iiMi#e 
compressible  than  a  liquid,  may  in  obedience  to  the  power  of  gra- 
vity, acting  directly  and  likewise  mediately,  by  siipprinr'nmbent 
pressure,  be  so  distributed  in  the  sphere,  as  that  the  density  and 
consequent  weight  of  the  compressed  gaseous  fluid  at  the  centre 
of  the  sphere,  and  to  a  certain  extent  around,  will  be  greater  than 
that  of  the  liquid  in  a  like  position  within  the  globe  before  men- 
tioned. It  would  be  capable  then  of  sustaining,  in  a  liquid  fomiy 
crater  introdaeed  into  it.  Let  these  suppositioiie  be  combinedy 
and  a  ball  be  next  imagined,  composed  of  a  gaseous  fioldy  and  ojf 
a  liquid  with  solids  interopeised. 

37«  It  is  easy  to  conceive  the  relative  compressibility  of  these 
substances,  and  the  actual  compression  of  them  to  be  such  tliat 
the  entire  portion  around  the  centre  may  be  occupied  by  hia^hly 
condensed  gas,  encompassed  by  a  liquid  mass,  which  is  pervaded 
by  a  gaseous  fluid,  both  decreasing  in  density  upwards ;  and  beyond 
the  liquid  surface  surrounded  by  an  atmosphere  consisting  of  gas 
penetrated  by  aqueous  Taponr.  Solid  substances  sparingly  scat- 
tered In  saen  a  floLd^  ball  would  float  at  a  great  depth ;  but  the 
majraitude  of  cohesive  masses,  and  the  abundance  of  them«  may 
be  unagitted  SBch,  that  they  may  be  fast  locked  and  fixed  togethert 
.  in  the  manner  of  fleld-ice,  at  the  same  time  that  the  weight  of  them 
is  such  as  would  float  them  were  they  loose,  like  an  iceberg, 
with  a  relatively  small  portion  of  the  floating  mass  emergent.  In 
a  word,  a  solid  crust  might  exist,  sustained  by  the  water  in  which 
it  is  immersed,  at  the  same  time  that  the  irregular  and  uneven 
surface  of  the  cohesive  mass  emerges  in  part,  while  other  portions 

88*  Lmw  Instiln'ied  some  important  experiments  on  the 
empiWPihflity  of  diflferent  kinds  of  matter,  from  which  he 
drew  very  remarkable  condosions,  deeply  aflfecting  the  subject 
under  consideration.    He  computed  that  air  under  the  law  of 

uniform  condensation  would  become  as  dense  as  water  at  the 
depth  of  33|  miles,  and  that  at  a  further  depth  of  IG'S\  miles,  it 
would  acquire  the  density  of  quicksilver.  Water  at  the  depth  of 
93  miles  would  be  compressed  to  half  its  former  bulk  ;  and  at  the 
depth  of  362^  miles  would  be  as  dense  as  quicksilver.  Even 
.  marble  itself,  snbjeeted  to  its  own  pressure,  would  become  twice, 
ns  dense  as  before,  at  the  enormous  depth  of  SH87f  mUes.  Air« 

Whnt  would  be  the  density  of  air  compnrpd  with  that  of  woter,  suppos- 
ing its  compressibility  uniform,  if  compressed  with  a  ibrce  of  826  atiaot- 
pheret?^  (See  Scientific  Class  Book,  pu  i.  p.  154.) 

How  may  we  conceive  the  crust  of  die  Cttrth  to  be  disposed  in  regard  U> 
lit  condensed  liquid  ingredients? 

At  what  depth  beneath  the  surface  of  the  ocean  would  a  mass  of  air, 
carried  from  tne  surface,  have  a  density  equal  to  that  of  water  ? 

At  what  depth  did  Leslie  luppoee  that  water  would  have  thenme  den- 
sity as  quicksilver? 


*  On  FUdiUy  ;  mud  an  Hypothesis  concerning  the  Structure  of  ike  Eartk. 
Joum.  of  Scieaoig  voL  ii.  pp.  fiat— 61. 
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howeyer,  from  its  rapid  oommoaslbility,  would  acquire  the  sama 
density  with  water,  sooner  than  the  latter  fluid  would  reach  the 
eondensation  of  marble.  If  we  calculate  for  a  depth  of  395^ 
milrs,  or  ahout  a  tenth  part  of  the  radins  of  the  earth,  we  shall 
find  that  air  would  attain  the  astonishing  density  of  1019G0  bil- 
lions ;  while  at  the  same  depth  water  would  attain  but  the  density 
of  4.3402,  and  marble  only  that  of  3.80*23.  At  the  centre  of  the 
earth  air  would  reach  the  inconceivable  densitv  denoted  by  704, 
with  16B  ciphers  annexed;  while  water  would  be  eoimnaed 
39009,000,  and  marble  acauife  the  density  of  119* 

S9.  ^^Siicb  are  the  prodigious  reanlts  deduced  from  the  law  of 
gravitation,  even  supposing  the  structure  of  the  ^lobe  were 
nniforin*  But  if  we  take  into  the  estimate  the  augmented  power 
from  condensation,  the  numbers  would  become  still  more  stupen- 
dous. It  follows,  therefore,  that  if  the  great  body  of  our  earth 
consisted  of  any  such  materials  as  we  are  acquainted  with,  its 
mean  density  would  very  far  surpass  the  limits  assigned  by  the 
most  accurate  investigatioiis.  It  seems,  therefore,  to  follow  con* 
clusively,  that  our  planel  must  have  a  very  widely  cavemooe 
etrueture,  and  that  we  tread  on  a  craat  or  ahelU  whoee  Ihiekpea8 
bears  but  a  very  small  proportion  to  the  diameter  of  its  sphere. 

30.  Physical  science  can  extend  her  prospects  to  the  ftrthest  vergie 
of  possibilities,  but  chemistry,  even  in  its  present  advanced  stage* 
fails  altogether  in  aidinpr  iiujuiry;  and  the  various  hypothesis 
framed  by  geologists  are  built  with  snch  scanty  and  slender  ma- 
terials, as  to  furnish  no  safe  guidance  through  these  boundless 
speculations.  It  is  evident  that  immense  compression  would 
totally  derange  the  powers  of  elective  attraction,  and  change  the 
whole  form  and  eonatitation  of  bodies.  When  air  beeomea  denser 
than  gold«  it  is  hard  to  conjecture  what  transmutations  this  plaattc 
fluid  must  undergo.  The  bowels  of  the  earth  may  contain  sob* 
stances  thus  transformed,  bearing^  no  longer  any  resemblaoce  to 
their  aspect  on  its  surface. 

31.  Observations  relative  to  the  temperature  of  the  earth,  and 
the  probable  sources  whence  it  is  derived,  might  be  expected  to 
lead  to  some  reasonable  conchi#>ions  relative  to  its  central  struc- 
ture and  composition.  Tliis  subject  may  be  regarded  as  apper- 
taining more  directly  to  the  science  of  pyronomics,  than. to 
geology,  and  it  has  aoeordingly  heen  generally  noticed  in  the  pre- 
ceding volume  of  this  work;*  but  is  so  intimately  connected 
with  the  topics  onder  discussion,  as  to  require  more  particulsr 
attention. 

32.  That  the  internal  parts  of  the  earth  are  more  highly  heated 
than  its  surfaca,  aud  that  their  temperature  depends  on  other  causes 

What  change  of  properties  may  we  conceive  to  result  from  the  high  de- 
gree of  compression  arising  from  the  liquid  of  which  the  earth  is  supposed 
to  be  coosLitutecI  i 

■■■  ^  '      I  I  .1       II        11  11        I  I  llllin-iii  — — — IM   II  .III 

•  See  Scientiiic  CIsm  Book,  pt  i.  pp^  S8Ou-S80. 
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thzn  the  influence  of  the  sun's  rays,  may  naturally  be  inferred 
from  the  phenomena  of  volcanos  and  thermal  springs,  which 
have  in  some  degree  attracted  the  attention  of  philosophers  in 
early  ttmes;  buf  the  doctrine  of  eentrel  heott  adopted  to  aecoust 
for  theie  and  other  analogous  ocenrrenees,  has  leoeotly  deifyed 
strong  confirmation  fr^  experiments  and  observations,  mstitated 
for  the  express  pnrpole  of  ascertaining  how  far  it  is  consislent 
with  the  oreneral  economy  of  nature. 

33.  In  1671,  Cassini,  the  first  distinguished  astronomer  of  that 
name,  noticed  that  in  the  caves  under  the  observatory  at  Paris,  the 
temperature  had  remained  unaltered  during  a  whole  year  ;  and  in 
1730,  Lahire  made  a  similar  observation.  Forty  years  later  the 
Connt  de  Cassini  first  perceived  the  full  importance  of  this  phe* 
nomenon;  and  in  1771«  he  coilBmenced  a  series  of  experiments  for 
the  purpose  of  elucidating  It.  At  length,  on  the  4th  of  Jnlj* 
1783,  he,  in  conjunction  with  Lavoisiery  placed  in  the  caves  of 
the  observatory  a  very  sensible  thermometer,  so  arranged  as  to 
show  the  slightest  variations  of  temperature  that  might  take 
place.  It  was  fixed  30.6  yards  below  the  surface,  and  imbedded 
in  sand  ;  and  the  observations  of  Cassini  himself,  with  those  sub- 
sequently made  by  Bouvard  for  thirty-two  years,  showed  that 
during  more  than  half  a  century  the  temperature  of  the  caves  has 
lemamed  permanent  at  il^M  of  the  centigrade  thermometer, 
flie  slight  oscillations  which  occurred  never  amounting  to  more 
than  35  centiemes  of  a  degree  above  or  helow  11^.89,  and  being 
apparently  owing  to  accidental  caases.  The  mean  annual  tem- 
perature of  the  air  at  Paris  is  only  10°. G,  so  that  the  constant 
temperature  of  the  earth  there  30. G  yards  beneath  the  suifaoe, 
exceeds  it  by  1°.2  cent.,  or  2°. 16  of  Fahrenheit. 

34.  Hence  it  appears  that  the  depth  corresponding  to  an  aug. 
mentation  of  temperature  amounting  to  1°  is  about  25 1.  yards ; 
and  admitting  that  the  temperature  increases  uniformly  with  the 
depth,  the  heat  must  be  equal  to  that  of  boiling  water  at  the  depth 
of  3543  yards  below  Parts.  Observations  thns"  exact  and  long 
contlnned  have  unfortunately  been  made  only  at  the  ParUdan 
observatory,  but  from  the  nature  of  the  results  it  may  be  inferred^ 
that  this  stability  of  subterranean  temperature,  is  not  an  accidental 
phenomenon,  but  depends  on  general  causes,  and  therefore  it  may 
be  concluded  that  in  all  places,  at  a  given  depth  beneath  the  sur- 
face of  the  earth,  there  is  a  certain  point  at  which  the  temperature 
remains  constantly  the  same,  being  uninfluenced  by  those  causes 
which  may  effect  the  surface. 

Whnt  general  truths  may  we  deduce  from  the  phenomena  of  volcanoe 
and  licit  Hpringtf 

Wfint  facts  were  observed  by  Cassini  in  regard  to  this  snhjort  ? 

What  is  the  temperature  of  tne  caves  of  the  Pahs  observatory  iu  degrees 
Fah.  t   How  much  variati<m  n  found  there  in  the  course  of  a  vear  7 

What  is  the  mean  tempeietttie  at  die  aor&ce  of  the  ground  ? 

If  the  interior  heat  increases  uniformly,  at  what  depth  below  the aurfiice 
would  be  found  the  temperature  of  boiling  water  ?  . 
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85.  The  MrlM  df  rach  points  of  invariable  tempenttiire  around 
the  globe  may  be  tetmed  the  ioTariable  stratum,  at  which  the 

inflnenpp  of  all  those  alternations  of  heat  and  cold,  occasional  or 
periodical,  which  might  act  on  the  superior  soil,  would  be  extin- 
guished. This  stratum,  however,  cannot  be  considered  as  forQiing* 
a  regular  curve,  or  maintaining  a  constan|^istance  from  the  sur- 
face ;  fur  its  depth  and  conformation  musrloe  affecied  by  the  na- 
ture of  the  surface,  as  consisting  of  land  or  water,  and  as  being' 
diversified  bj  plaios,  roonntains,  and  vallejs,  and  composed  of 
materials  more  or  leaa  dense  and  compact 

36.  A  few  ohsenrationa  only  have  been  made  velatiTe  to  the 
variations  of  temperature  whieh  take  place  in  the  space  between 
the  surface  and  the  invariable  stratum.  So  far  as  they  go,  how- 
ever, they  tend  to  show  that  the  influence  of  the  solar  heat  pre- 
vails in  the  summer  months,  and  that  of  central  heat  in  the  winter, 
as  might  be  expected.  But  the  most  iniportant  observations  are 
those  which  have  been  made  on  the  temperature  of  the  earth 
below  the  invariable  stratum.  The  prevalenee  of  heat  in  mines 
had  been  notioed  and  variously  accounted  for  by  philosophers,  long 
before  it  was  made  the  subject  of  direct  experiment.  Oenaanws 
appears  to  have  first  discovered  that  the  temperaton  of  the  earth 
increases  with  the  depth  below  the  surface,  b^  means  of  thermo* 
metrical  observations  instituted  in  the  lead  mmes  of  Giromagny, 
near  Befort,  in  17-10;  and  in  1785,  corresponding  experiments 
were  made  by  Saussure,  in  a  mine  at  Bex,  in  the  canton  of  Berne. 
In  1791,  the  subject  occupied  the  attention  of  Humboldt,  who 
made  an  extensive  and  interesting  series  of  experiments  in  the 
mines  of  Freyberg. 

37.  In  1809,  D'Aubnisson  revived  the  important  investigation, 
and  since  that  time  observations  have  been  multiplied  in  the  ntin- 
cipal  mines  of  Europe,  in  France,  in  Germany,  and  in  Bngmnd* 
while  Humboldt,  proceeding  on  his  memorable  scientific  voyage, 
in  examined  the  temperatures  of  the  mines  of  America  to 
the  depth  of  5*2*2  metres. 

3S.  M.  Cordier,  in  1827,  published  an  interestinpr  memoir,  on 
the  temperature  of  the  earth,  (in  Menwires  du  Museum  d^ffisfotre 
Nafurelle^)  in  which  he  collected  the  observations  of  others,  to- 
gether with  his  own,  and  having  classed  and  arranged  them,  drew 
Kora  them  some  interesting  genend  conclusions*  He  ascertaiaed 
that  after  mMng  due  allowance  for  the  heat  in  mines  wising  from 
the  presence  of  miners,  the  combustion  of  lamps,  and  communi- 
cation with  ihc  atmosphere,  the  following  results  were  established; 

39.  (1.)  Below  the  invariable  stratum,  where  the  oscillations 
of  surface  boat  nrc  extinguished,  the  temperature  remains  per- 
fectly constant  for  given  depths,  without  any  variation  for  several 

VVhnt  ijonor  il  inferonrp  mny  wc  derive  from  those  far  Is  ? 
Who  tint  discovert'd  iho  uicrea«e  «f  temperature  as  we  descend  below 
A«  invariable  •Uaturo  ? 
What  auh|0quent  inyesiigatioat  of  Htm  jnltiset  have  bsen  made  t 
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Tears.  (3.^  That  in  tM  places  where  obeervations  ham  been  ntade 
below  the  invariable  stratom,  the  temperature  'always  goes  on  in- 
creasing with  the  depth.  (3.)  That  the  ratio  of  the  augmentation 
of  temperature,  in  descending  below  the  invariable  8tratum»  ie 
different  for  different  places, 

40.  M.  Cordier  considers  that  from  25  to  30  metres'  depth  may 
be  assumed  approximately  as  corresponding  with  an  increase  of 
temperature,  amounting  to  1  centessimal  degree ;  and  therefore  1° 
crif  rairenheit  mw  answer  to  about  15  yaids*  Oa  the  last  suppo- 
sition of  1^  F.  additional  Ibr  oTery  15  yards  of  Tertioal  descent, 
it  must  follow  that  at  the  centre  of  the  giobe*  snj^posing  its  mean 
semi-diameter  3956.8  miles  and  the  temperature  to  increase  uni- 
formly, it  would  then  rise  to  464,264°  F.  The  temperature  of 
7000°  F.,  which  would  be  sufficient  for  the  fusion  of  lavas  and 
probably  of  all  kinds  of  rocks  and  metals,  would  be  found  at  the 
depth  of  about  60  miles.  It  is,  however,  uncertain  what  may  be 
the  mean  thickness  of  the  solid  crust  of  the  earth.  Cordier 
imagines  that  it  may  not  exceed  60  miles.  Hence  a  strong  pre* 
sumption  arises  in  support  of  the  inferenost  that  the  eonsoli&tion 
of  the  exterior  erast  is  the  effeei  of  a  gradual  cooling. 

41.  If  this  is  the  case  the  consolidation  must  have  commenced 
at  tike  snrface,  and  proceeded  towards  the  interior;  and  thereforSf 
contrary  to  the  received  opinions  of  geologists,  the  primitive  rocks 
are  more  ancient  in  proportion  as  they  are  nearer  the  surface.  It 
follows,  also,  that  the  strata  ought  to  be  arranged  in  the  order  of 
fusibility,  or  nearly  so,  some  allowance  being  made  for  the  inter- 
ruption of  this  order,  owing  to  the  rapidity  of  cooling  ;it  first,  and 
to  the  influence  of  chemical  affinity  on  the  vast  mass  of  the  globe. 

43*  Another  necessary  consequence  of  the  hjpotliesis  is,  a  con- 
tnetioii  of  the  dimensions  of  the  earth,  through  the  diminntioB  of 
Its  temperaturei  caosii^  subsidenoe  and  appnudmation  of  the  ex- 
terior crust,  and  consequent  dislocation  of  its  parts.  This  may 
account  for  the  numerons  cracks  and  ii8Suxes«aM  the  irregularity 
of  the  disposition  and  inclination  of  the  superior  strata.  I3ut  the 
subsidence  not  taking  place  regularly,  would  not  produce  a  gene- 
ral, or  very  extensive  change  of  level,  though  it  might  be  suffi- 
cient to  explain  certain  phenomena  otherwise  not  easily  ac- 
counted for :  such  as  the  apparent  secular  decrease  of  the  water 
of  the  Balticy  and  the  alteratiuii  of  lerel  of  the  Mediterranean 
observed  on  the  coast  of  Egypt. 

43.  Hie  most  important  effects  howcTer,  of  th«  contraction  of 

■ 

What  three  general  oonclusions  did  Cordier  derive  from  bis  investiga- 
tiona? 

At  what  depth  might  we  probably  find  the  temperature  sufficient  to 
maintain  the  metallic  and  rocky  coiuuituents  of  our  globe  in  a  slate  of 
fusion  f 

Where  must  the  conmlidatioa  of  the  globe  have  oommenced  on  the  sup- 

posifion  of  its  having  been  once  in  a  state  of  igneous  fusion  ? 

Whut  consequence  in  regard  to  the  bulk  of  the  globe  must  arise  from 
the  gradual  cooling  of  ili  sar&oe  t 
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the  hulk  nf  the  earth,  h  an  acceleration  of  Its  rotatory  motion. 
For  such  is  the  mechanical  rrlation  between  the  dimensions  of 
the  earth  and  its  period  of  rotation,  that  if  it  undergoes  contrac- 
tion ut'  voUinie,  the  rotatory  motion  must  be  accelerated  ;  whence 
increase  of  centrifugal  force,  causing  the  level  of  the  ocean  to  be 
raised  a  little  between  the  tropics,  and  lowered  in  the  polar  re- 
gions, 00  lh»t  Ibe  nortlim  parts  of  Eofope  and  Am  would  be 
gradiMlly  elevmted  aboye  their  former  leyel  with  respeet  to  the 
sea.*  In  Ihb  way  the  nnraerons  islanda  of  the  Pacific  Oceaa ' 
may  be  supposed  lo  be  the  summits  of  moontains  belonf^ng  to  m 
portion  of  submerged  continent. 

44.  The  same  relation  also  affords  the  means  of  measuring  the 
secular  contraction,  for  the  length  of  the  day  is  an  astronomical 
element  of  such  importance  that  the  slightest  variation  would  be 
immediately  detected.  But  observations  suflSciently  accurate  ren- 
der it  certain,  that  since  the  time  of  Hipparchus,  or  during  tiie 
last  twenty  centuries,  the  length  of  the  day  has  not  varied  by  -^jf^ 
of  a  second.  Hence  it  necessarily  follows,  that  if  the  contraction 
is  prooeeding,  it  most  be  at  a  rale  almost  infinitelT  slow*  Hie 
amount  of  oontraetion,  howoTsr,  oannot  safely  be  tucen  as  a  moft- 
Mre  of  the  loss  of  tsmperatiue*  The  cooling  takes  place  under 
circumstances  very  difTerent  from  those  in  which  bodies  are  placed 
when  exposed  to  the  free  action  of  the  atmosphere,  and  the  ordi- 
nary laws  of  contraction  must  be  greatly  modified  by  the  enor- 
mous pressure  at  the  depth  of  twenty  leagues  beneath  the  surface. 

45.  It  has  been  found  that  the  temperature  of  springs,  as  they 
issue  from  the  earth,  varies  but  inconsiderably  at  different  seasons 
of  the  year ;  and  that  in  our  hemisphere  they  attain  their  highest 
degree  of  heat  in  general  abont  the  mosth  of  September,  and  their 
lowest  towards  MxkHi^  the  diimnce  of  the  two  extremes  being 
from  1°  to  2^  oentig.  From  a  t^le  of  the  mean  temperatiuoe  of 
^rings  in  diffisrent  parts  of  the  world  compared  with  that  of  the 
air  at  the  surface  of  the  soil,  collected  from  the  experiments  of 
different  observers,  by  M.  Pouillet,  it  appears  that  in  the  torrid 
zone,  the  mean  temperature  of  the  air  is  in  general  somewhat 
lower  than  that  of  springs  ;  but  in  the  temperate  zone  the  contrary 
appearances  take  place  ;  the  springs  arc  warmer  than  the  air,  their 
excess  of  temperature  usually  increasing  with  tiie  laiilude,  so  that 
at  6<^  or  70  degrees,  from  the  accurate  observations  of  WtUen* 

What  efTect  on  the  time  of  a  diniaal  revolutieQ  most  the  csninetian  of 

the  earth  produce? 

What  does  astronomy  teach  in  regard  to  the  length  of  our  prraent  days 
conuNffed  with  thoee  of 800S  yeei*  ago  ! 

How  is  the  contraction  of  bulk  in  the  earth  probably  eflected  fey  the 
present  circumstances  of  its  crust  f 

How  is  the  temperature  of  springs  found  to  vaxy  from  that  of  the  air  in 
the  torrid  eone  f  How  in  the  temperate  aones  ? 

•  See  Scientific  Class  -Book,  pt.  i.  p.  57,  Nos.  103  and  104  of  Mechanics, 
'^fthe  manner  of  estimating  centrifugal  force,  and  observaliona  on  the 
eooMqiieiices  of  its  overooming  the  Ibrce  efj^vitatioiw 
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berg,  it  may  be  concluded  that  their  temperature  is  from  3^  to  4* 
oentig.  above  that  of  the  air. 

46.  Inveetigations  of  the  heat  of  Artesian  wells,*  hare  brought 
to  light  some  important  results  relative  to  the  internal  tempera* 

tore  of  the  earth*  M.  Arago  collected  observations  whence  it 
appeared  that  the  greater  the  depth  of  such  wellSfthe  higher  is 
the  temperature  of  tho  waters  that  flow  from  them.  M.  Fleiiriaa 
de  Bellevue  found  that  the  temperature  of  thr  water  at  the  bottom 
of  an  Artesian  well,  by  the  sea  side,  near  Kochello,  316  feet  doep, 
was  16°.25  centig. ;  and  the  boring  being  aftt  r\vards  conimued 
to  the  depth  of  3C9.5  feet,  the  temperature  at  the  bottom  waa 
found  to  oe  18^.12  centig.,  the  mean  surface  temperature  of  the 
eountrf  'beinp  1 1^.969  cen tig.  f 

47.  Though  Hnxke  are  various  eireumstanees  that  might  occur  to 
modify  the  temperature  of  springs,  yet  it  must  be  inferred  from 
the  preceding  observations  that  some  springs  display  degrees  of 
heat  irreater  than  could  be  supposed  to  be  caused  by  the  influence 
of  the  rays  of  the  sun  propagated  through  the  superficial  strata  of 
the  earth.  This  also  still  more  evidently  appears  from  the  tem- 
perature of  thermal  waters,  sometimes  approaching  to  the  boiling 
point.       •  • 

48.  The  source  of  heat  in  springs  or  fonmaint  of  Ms  kind  has 
been  the  subject*  of  much  controversy*  Connected  as  they  fre- 
quently  are  with  volcanos,  their  temperature  may  naturally  be 
unputed  to  volcanic  i^ncy ;  and  when  hot  springs  are  found  tra- 
versing cracks  in  strata  not  volcanic,  attempts  have  been  made  to 
account  f'T  the  phenomena  by  chemical  combinations  at  incon- 
siderable depths;  but  the  salts  usually  found  dissolved  in  these 
waters  do  not  afford  support  to  this  theory,  and  Berzelius  has 
shown  it  to  be  untenable  with  respect  to  the  Carlsbad  waters.:); 
Numerous  instances  occur  of  the  existence  of  thermal  springs  in 
tractii  of  country  distant  from  any  open  or  extinct  voleanos*  It 
may,  however,  be  alleged  that  they  may  possibly  communicate 
with  some  deeply-seated  foci  of  volcanic  Agency;  yet  admitting 
such  communication  it  would  only  tend  to  prove  that  volcanos, 
as  well  as  thermal  fountains,  owe  their  orirrin  to  central  heat. 

49.  Among  the  hot  springs  obviously  connected  with  volcanos 
are  the  Geysers  in  Iceland,  the  phenomena  of  which  deserve  to 
be  npticedi  as  the  extraordinar^r  effects  exhibited  serve  in  some 

What  light  is  thrown  upon  this  sul:gect  by  the  examination  of  Artesian 
wells? 

What  is  8ometimea  found  to  be  the  tsmperature  of  hot  springs  ? 

What  theories  liave  hnpn  formed  to  riccoTint  fvr  ihe  heat  nf  ihcnna!  wateiB? 

To  what  common  cuu.se  may  volcanos  ond  hoi  .sj)ring!H  be  rolbrred  ? 


*  For  ail  account  of  the  nature  of  Artesian  wcils,  seo  Treatise  on  Hy- 
drostatics, Scientific  Class  Book,  pt.  i.  p.  144. 

t  De  1 1  Beche's  Geological  Manual^  9d  ed.,  ISSS^Svo^p.  13;  ftoin  Joum. 
de  Geologie,  torn.  i. 

t  Id.  p.  17. 
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degpree  to  indicate  the  extent  and  nMgaiUide  of  the  power  by  whieli 
they  are  produced. 

•♦These  intermitu  iil  hot  sprinors  rise  from  a  large  tract,  covereil 
to  a  considerable  depth  by  a  stream  of  lava,  and  where  thermal 
water  and  apertures  evolving  steam  are  very  common.  The  Greiir 
Geyser  rises  out  of  a  spacioas  basin,  at  the  snmrnit  of  a  ciriDiAir 
mound,  eomposed  of  suiceous  incrustations,  deposited  from 
■pn^  of  its  waters.  The  diameter  of  the  basin  or  crater  in  one 

direction  is  56  feet,  and 
16  in  another.  In  the 
centre  is  a  pipe  7S  feet 
in  perpendicular  depth, 
und  from  h  to  10  teel  in 
diameter,  but  gradual- 
ly widening  as  it  opens 
into  the  £una.--/Ilie 
inside  of  the  basilic « 
whitish,  consisting  <>f 
a  siliceous  incrusta- 
tion, and  perfectly 
smooth,  :u>  are  two 
small  channels  on  the 
sides'  of  the  mound, 
down  which  the  water 
makes  its  escape  when 
filled  to  the,  mar^» 
The  circular 'iisiB  is 
sometimes  empty,  but 
Is  usually  filled  Wfk 
beautiful  1\'  transparent 
water  in  a  state 
tbullitiou. 

50.  During  the  rise  of  the  boiling  water  up  the  pipe,  especially 
when  the  ebullition  is  most  violent,  and  when  the  water  Aows  over 
or  is  thrown  up  in  jets,  subterranean  noises  are  heard,  like  the  dis- 
tent firinif  of  cannon,  mid  the  earth  is  slightly  shaken.  The  sound 
then  increases,  and  the  motion  becomes  more  violen^  until  al  Uoffh 
a  column  of  water  is  thrown  up  perpendicularly  with  loud  exple* 
sions,  to  the  height  of  100  or  300  feet.  After  playing  for  a  tuna 
like  an  artificial  fountain,  and  giving  off  great  clouds  of  vapour, 
the  pipe  is  evacuated,  and  a  column  of  steam  then  rushes  up  with 
amazing  force  and  a  thundering  noise,  after  which  the  eruption 
terminates.   If  stones  are  thrown  into  the  crater  they  are  ejected 

What  remarkable  inatance  supports  the  theory  of  a  Yoicanic  cause  for 
hoc  fiirings  ? 

Drvcrihp  the  Great  Geyspr? 

What  is  the  appearance  of  the  pipe  or  cavity  whence  the  water  ia  pr» 
feeied  f 

^iwhat  manner  does  the  projoction  of  water  from  the  Gevasr  tshs  place  f 
What  succeMlf  to  the  oolianin  of  water  in  lhas  ibnniain  1 
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instantly,  and  sach  is  the  explosi?o  force,  that  very  hard  rocks  are 
sometimes  shivered  into  small  pieces.  Henderson  found  that  by 
throwing  a  great  quantity  of  large  stones  into  the  pipe  of  Strocke, 
one  of  the  Geysers,  he  could  bring  on  an  eruption  in  a  few  minutes.* 
The  fragments  of  stone,  as  well  as  the  boiling  water,  were  thrown 
in  that  case  to  a  much  greater  height  than  usual.  After  the  water 
had  been  ejected,  a  columa  of  steam  continued  to  rush  up,  with  a 
deofeninffroar,  for  nearljr  an  hoar ;  bat  the  Greyser^  as  if  Mhausted 
by  this  raort,  did  not  gire  symptoms  of  a  firesh  erapttoa  when  its 
usual  interval  of  rest  had  elap8ed."f 

51.  Sir  George  Mackenzie  describes  the  continual  discharge  of 
water  and  steam  from  the  Great  Geyser,  during  its  period  of  excite 
ment,  as  resembling  the  distant  firing  of  artillery  from  a  ship  at 
sea;  and  he  estimates  the  height  of  the  jet  as  being  at  least  90  feet. 
The  temperature  of  the  water  in  the  pipe,  when  sufficiently  iiigh 
for  observation,  was  found  to  be  209^  Fahrenheit.:^  There  are 
several  other  alternating  hot  springs  in  Iceland,  one  of  which,  called 
the  New  Greyser,  formerly  an  insignificant  fountain,  now  explodes 
like  that  already  descriM ;  but  most  of  these  springs  are  of 
inferior  magnitude  to  the  Geysers. 

.  53.  The  distribution  of  heat  in  large  masses  of  water,  as  lakee 
and  seas,  is  much  more  uniform  than  in  the  solid  strata.  This  fact, 
ascertained  by  Saussure,  by  means  of  experiments  on  the  lakes  of 
Switzerland  between  1777  and  1784,  may  be  repfarded  as  depend- 
ing on  that  property  of  water,  in  virtue  of  which  it  acquires  its 
greatest  density,  a  few  degrees  above  the  freezing  point.  More 
extensive  observations,  however,  have  shown,  that  while  the 
temperature  of  water  yanea  but  little  at  different  de]iths  in.  the 
temperate  zone,  it  increases  with  the  depth  in  the  pdar  seas ;  and 
this  augmentation  of  temperature  in  descending,  may  reasonably 
be  supposed  to  depend  on  the  influence  of  central  heat. 

53.  The  temperature  of  the  atmosphere,  like  that  of  the  sea  in 
the  equatorial  regions,  decreases  generally  with  the  distance  from 
the  surface.  And  hence  extreme  cold  prevails  at  a  great  elevation. 
The  tops  of  high  mountains  in  the  torrid  zone  are  covered  with 
perpetual  snow,  and  M.  Gay  Lussac,  in  his  famous  aeronautic  ex- 
pedition, having  ascended  about  a  league  and  a  half  above  the  city 
of  Paris,  experieneed  a  depression  of  temperatare  IS®  centlg.  below 
tike  fi'eesing  point.  At  greater  heights  the  eold  would  become 
otterly  insupportable*  These  eireamstanoes  depend  ehiefiy  on  the 

What  is  the  effect  of  throwing  heavy  bodies  Into  this  spring  f 

What  temperature  has  the  water  in  this  case  ?  \ 

What  is  the  relative  uniformity  of  temperature  in  the  eolid  and  the  li- 
quid parte  of  the  globe? 

How  do  waters  vary  in  different  latitudes? 

What  ifl  the  oomparative  temperature  of  air  in  hig^  and  in  low  situations  7 


*  Journal  of  a  Residence  in  Iceland,  p.  74. 

t  Lyeirs  Principles  of  Geology,  vol.  ii.  pp.  307 — 3091 

I  Buckenzie's  Travels  in  Ic^iand. 
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absence  of  reflecting  bodies  in  the  higher  regions,  and  the  rarity 
of  the  air,  which  affords  a  free  passage  to  the  eolar  rays,  deriving 
from  them  but  an  inconsiderable  augmentatioa  of  temperature« 

54.  However,  though  the  cold  appears  to  increase  with  the 
height  ihiOQgfaoiit  the  extent  of  the  earth^e  atmosphere,  it  is  proba- 
ble  that  there  is  a  limit  in  space  beyond  which  the  temperataxa 
eannot  descend.  The  earth  and  the  ouer  planets  may  he  regarded 
as  moving  within  a  medium  of  uniform  temperature,  such  as  would 
exist  within  the  sphere  of  uranus,  if  the  sun  and  all  the  planetary 
bodies  were  removed.  That  such  a  temperature  occurs  in  the 
regions  beyond  the  atmosphere, maybe  inferred  from  various  con- 
siaerations.  The  innumerable  stars  scattered  through  the  hcavenSy 
flittering  with  light  as  we  behold  them,  cannot  be  imagined  to  be 
destitute  of  heat,  and  bow  feeble  soever  their  influence,  in  con- 
^ueoee  of  their  distaneoy  they  must  produee  some  ^Bed  on  bodies 
Is  snrroutidin^  space. 

55*  Admitting,  then,  that,  there  is  an  elastic  medium  beyond  the 
atmosphere  of  the  earth,  as  seems  to  be  proved  by  observatioiis  opt 
the  periodic  revolutions  of  £ncke*s  comet,*  it  must  have  aeertaie 
capacity  for  heat,  like  all  other  matter.  "Rut  whether  the  temperature 
of  the  planetary  spaces  be  caused  by  radiation  from  the  stars,  or  be 
regarded  as  essentially  belonging  to  the  elastic  medium,  the 
mathematical  investigation  of  the  state  of  the  surface  of  the  earth 
proves  that  there  must  exist  a  fundamental  temperature,  indepen- 
dent of  the  sun  or  any  sources  of  internal  heat ;  for  otlierwise,  the 
superficial  temperatoie  would  be  very  different,  and  its  decrease 
from  ihe  equator  to  the  poles  incomparably  greater  than  it  is  in, 
leality. 

56.  If  the  earth  revolved  in  a  medium  absolutely  destitute  of 
heatf  the  slightest  vanatioDS  in  the  son's  distaooe  would  occasion 

■ 

What  may  we  (suppose  to  be  the  conditions  of  the  celestial  ■paces  in  re> 

gard  to  changes  oi' temperature  ? 

In  what  medium  do  the  planets  and  cometi  probably  move  t 
'  How  is  the  eiistenoe  of  such  a  medium  proved  t 


*  The  comet  distinguished  by  the  name  of  the  German  astronomer 
Encke,  who  first  ascerinined  that  it  Imd  a  comparatively  short  period  of 
revolution,  appears  to  be  gradually  approuching  nearer  and  nearer  to  the 
■nn  in  each  tncoeMive  fevolutioD,  whence  it  foUowa  that  it  must  move  in 
•.resisting  medium.  Encke  slated  (in  the  Berlin  Ephemeris,  1823)  as  the 
result  of  his  observations,  that  the  periodic  time  of  this  comet  was  shorter 
than  that  deduced  from  earlier  investigations.  Calculations  were  subse- 
quently made  u  to  the  eflfect  of  pertarbationt  of  the  eomet  prodaoed  by 
ItB  approach  to  the  planet  Jjipiier,  after  making  allowance  for  which, how- 
everi  it  was  found  that  the  diminution  of  its  orbit  could  only  be  accounted 
for  by  llie  existence  of  a  resisting  medium.  "The  magnitude  of  the  re- 
Mtance  to  such,  to  dimmuh  the  periodte  time  about  l-10,000th  of  the 
whole  at  each  revolution,  a  quantity  so  large  that  there  can  be  no  mistake 
about  it.s  existence.  The  history  of  this  discovery  is  undoubtedly  one  of 
Ihe  most  curious  that  modern  astronomy  has  presented." — Prof.  Airy  on 
Astronmnp,  in  Rep.  o/BrU.  AmocJ'ot  1832,  p.  163.  See  aim  WheweU's 
Astranomy  and  General  Fhyiic^  Oridgwater  Tr.,  bb  9^  oh.  iv. 
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MMible  changes  of  tempcratme,  and  the  dianial  aHeratioos  would 
be  fatal  to  organic  life.  These  eflfeets  roast  be  in  some  degree  modi« 
fied  by  the  presence  of  the  atmosphere,  yet  the  comparattyely 

•mall  variations  of  temperature  which  actually  take  place  are  in- 
compatible with  the  existence  of  a  degree  of  cold  in  the  planetary 
regions,  much  beyond  the  freezing  point  of  mercury.  On  com- 
puting the  amount  of  temperature  which  the  medium  without  the 
atmosphere  must  possess,  to  account  for  the  existing  thermometri- 
cal  state  of  the  earth^s  surface,  liaron  Fourier  found  that  the 
pbeDomena  are  such  as  would  lesolt  from  the  supposition  Uiat  the 
celestial  spaces  have  a  temperatnre  equal  to  50^  centig.^  or  58^ 
Fahrenheit  below  zero.  It  should  be  remarked,  that  this  theonr 
has  been  to  a  certain  extent  confirmed  by  the  researches  of  M. 
Svanberg,  a  Swedish  philosopher,  who  having  investigated  the 
temperature  of  the  planetary  spaces  upon  a  principal  different  from 
that  adopted  by  Fourier,  arrived  at  nearly  the  same  conclusion.* 

57.  All  the  phenomena  of  temperature,  as  respects  the  solid 
parts  of  the  earth,  the  waters,  and  the  atmosphere,  seem  consistent 
with  the  hypothesis  of  central  heat^  but  there  is  an  apparent  ob- 
jection whicn  demands  some  notice*  It  mi^ht  be  Imagined  that 
the  intense  heat  of  the  nndens  of  the  earth  is  incompatible  with 
the  present  temperatnre  of  its  snrfaoe.  But  it  has  been  demons 
fltrsted  from  mathematical  investigation  of  thel^ws  which  regulate 
the  propagation  of  heat,  that  there  may  exist,  not  merely  at  the 
centre  of  the  earth,  but  even  at  comparatively  small  depths  below 
the  surface,  a  temperature  sutficient  to  fuse  the  most  refractory 
substances  witli  which  we  are  acquainted. j* 

\VIiat  consideration  proves  the  exif?tGnce  of  a  uniform  temperature  in  the 
planetary  spaces  ?  What  would  bu  the  efTect  of  diurnul  changes  of  teui- 
peralure  if  the  earth  were  in  a  medium  absolutely  cold  ? 

What  aetttftl  temperature  did  the  eompulationg  of  Fourier  anign  to  the 
spaces  beyond  our  atmosphere  ? 

What  oqjection  has  been  r«ise4  to  the  theory  of  central  heat} 

*  Foreign  ReTiew,  Yol.  viii.  pp-  311,  312 ;  Pouillet  El^raens  de  Phjrs.  Ex. 

et  de  Meterologie,  torn.  ii.  pp.  663 — 665.  696 — 700  ;  Ber/elins's  Annual  Re- 
port to  the  Acadeiny  of  Sciences  at  Stockholm  ibr  1829;  Edinb.  Joum.  ol 
Science,  vol.  iil,  New  Series. 

t  "The  following  are  the  most  remarkable  deductions  made  by  Fourier 
fr^m  the  nnalytical  investigation  of  the  hypothesis  of  an  internal  heat. 
Supposing  the  conducting  power  of  the  materials  of  the  earth,  to  equal 
that  of  iron,  and  that  the  temperature  increases  by  l-30th  oi  a  centesimal 
decree  for  every  metre  of  vertical  descent,  (abont  l-18th  of  a  degree  of 
Fanrenheit  for  evrrv  ynrd,')  which  is  the  rate  indicated  by  observation, 
the  enormous  heat  accumulated  in  the  interior  would  cause  an  au^nmcnt- 
ation  of  temperature  at  the  surface,  amounting  only  to  a  quarter  of  u  de- 
gree above  tnAt  which  is  due  to  the  heating  elleetsof  themoi*  This  small 
addition  to  the  effects  of  solar  heat  is  in  proportion  to  the  conducting 
powers  of  the  envelope,  all  other  f  in  umstances  remaining  the  same;  con- 
sequently as  the  conductibility  ot  the  superficial  materials  of  the  earth  is 
ooniiderably  less  than  that  of  iron,  the  augumentatioo  of  temperattire  jvist 
mentioned  is  estimated  too  high,  and  probably  does  not  exceed  l-30th  of  a 
centesimal  degree.  Hence  the  effects  of  a  central  heat  are  altogether  in- 
sensible at  llie  surface." — Foreign  Review^  u.  a.  p.  313. 
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68.  The  admission  of  an  original  state  of  i^eous  fusion  of 
the  materials  composing  the  terrostrial  globe,  their  gradual  cooling 
from  the  surface  towards  the  interior,  and  the  existence  durifig  a 
very  protracted  period  of  a  central  nucleus  sttll  intensely  heated, 
mmy  be  graotod  M  piobabl^— not  only  as  being  supported  by  the 
efidenee  derived  from  the  leseaiohes  concerning  the  temperatme 
of  mines,  springs,  and  watefs  in  general,  in  various  parts  of  the 
world,  of  which  some  account  has  been  given— bat  also  becanse 
it  will  account  for  the  structure  and  fig^ure  of  the  earth,  as  bein^  a 
spheroid  of  revolution,  constituting  a  mass  of  mait^,  the  density 
of  which  increases  towards  the  centre. 

69.  To  the  same  canse  may  be  attributed  the  existence  of  vol- 
canos  widely  distributed  over  the  globe,  and  manifesting  a  com* 
mon  and  deeply-seated  origin;  and  the  occurrence  of  thermal 
springs  having  their  sources  ar  beneatfi  the  surilm,  and  sonietimee 
appearing  at  m  distance  from  the  enters  of  volcanos,  though 
probably  in  general  more  or  less  connected  with  thcsn  ia  the  bawds 
of  the  earth.  To  the  evidence  for  the  existencp  of  eentral  heat 
derived  from  these  considerations,  may  be  added  the  proofs,  that 
in  the  temperate  and  frigid  zones  of  the  earth  a  temperature  pre- 
vailed, at  a  very  remote  period,  equal  if  not  superior  to  the  utmost 
beat  of  the  torrid  zone  at  present;  and  such  as  was  adapted  to 
call  into  existence  a  profusion  of  organic  beings,  both  in  the  animal 
and  vegetable  kingdoms,  on  a  most  gigantic  scale. 

eo.  As  tiiere  M  grsat  difficalty  of  conceiving  any  other  thaa 
the  igneous  fluidity  of  our  planet  previous  to  ttie  oonsdidatioa 
of  its  surface,  and  as  fluidity  seems  essential  to  the  fi  jfure  of  the 
earth,  it  has  been  suggested  that  the  earliest  transition  from  a 
linuid  to  a  solid  state,  consequent  on  the  radiation  of  heat,  would 
take  place  at  the  equator,  and  that  masses  of  the  solidified  crust 
would  float  upon  the  incandescent  fluid  beneath,*  The  fluid  mass 
would  necessarily  be  influencod  by  tides:  therefore  so  long  as  the 
solidified  crust  was  too  thin  to  resist  the  effects  of  this  cause,  it 
would  be  broken  up  into  frag^ments,  the  precursors  of  those  of 
which  the  solid  surface  of  our  globe  is  every  where  composed.** 

61*  When  the  surfiiee  of  England  is  minutely  emmtned,  there 
is  found  scarcely  any  area  of  eidit  or  ten  square  miles  in  extent 
wliich  has  not  been  fractured  or  nroken  up  into  minor  portions,  by 
causes,  that  have  acted  at  vari ous  geological  epochs.  What  is  thus 
true  of  England  is  found  to  be  also  generally  true  of  the  whole  snl^ 

What  facts,  benides  the  observed  temperatures  of  the  earth,  favour  the 
supposition  of  igneous  fuMOQ  at  tfie  OMUre  f 

What  was  formerly  the  temperature  of  the  present  northern  frigid  sonsf 

What  proves  such  to  have  been  its  state  in  regard  to  heat? 

What  part  of  the  earth's  surface  may  we  presume  to  have  been  iirst  so- 
lidified f 

What  appear  to  be  the  lefaUave  ages  of  the  fiadufed  portions  of  Hhs 
earth's  soiiace  ? 


*  Cruizet  et  Jobert  JRechsfchei  nir  ks  Owomenst  Fbsriles  de  Den.  da 
Pay  de-IkNUe. 
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face  of  onr  continents  and  islands,  when  examined  with  the  neces- 
sary  attention.  Sometimes  a  more  modern  deposit  may  mask  the 
surface  broken  into  fragments,  the  former  not  having  been  yet  acted 
on  by  disrupting  forces;  but  when  rocks,  on  which  such  deposits 
rest,  are  exposed  by  denudation  of  any  kind,  either  in  ravines,  or 
over  a  certain  extent  of  horizontal  area,  they  will  be  iouud 
firactared. 

63*  There  must  have  been  ineqaalitiee  in  the  earth's  surfigMse 
from  its  earliest  consolidation*  The  radiation  of  heat,  and  the  ne- 
cessity of  the  exterior  solid  crnst  oonforming  to  the  fluid  surface 
beneath,  could  not  have  done  otherwise  than  produce  ^em.  Hence  • 

M.  Elie  de  Beaumont's  theory  of  the  elevation  of  mountain  chains, 
which  rests  on  the  necessity  of  the  earth's  crust  continually 
diminishing  its  capacity,  notwithstanding  the  nearly  rigorous  con- 
stancy of  its  temperature,  in  order  that  it  should  not  cease  to  em- 
brace its  internal  mass  exactly,  the  temperature  of  which  diminishes 
sensibly,  while  the  xefrigeiation  of  tiie  saxfooe  is  now  nearly  in- 
sensible.* 

JSyf fMfKse  qf  JEs»aHng  Cmue»  on  tke  Strudure  and  ConfarmaHm  of 

the  8wffa»  ^ihe  Earth. 

63.  The  terrestrial  globe,  the  general  dimensions  of  which  have 
been  already  stated,  is  composed  of  various  kinds  of  matter  sub- 
sisting in  the  solid  or  fluid  state,  and  encompassed  by  an  atmos- 

Shere  of  elastic  or  gaseous  fluids,  of  uncertain  extent,  but  gradually 
ecreasinflr  in  density  as  it  recedes  from  the  earth^s  surme*  The 
BuperficiaT  distribntion  of  land  and  water  is  extremely  irregular, 
and  the  area  covered  by  the  latter  far  exceeds  the  space  occupied 
by  the  former,  which  probably  does  not  amount  to  more  than  a 
fourth  part  of  the  entire  surface.  A  larger  portion  of  dry  land  is 
found  in  the  northern  hemisphere  than  in  the  southern,  that  part 
of  the  globe  which  is  to  the  south  of  the  equator  being  chietiy 
covered  by  the  sea,  while  to  the  north  of  the  line  sea  and  land  are 
more  equally  distributed. 

64.  The  surface  of  the  earth  exhibits  abundance  of  obvious 
irregularitieSy  or  elevations  and  depressionSf  the  land  rising  into 
mountains  in  some  places*  and  sinking  in  others  into  glens  and 
valleys ;  and  in  the  parts  under  the  sea  similar  inequalities  of  level 
are  found  to  exist-  But  though  this  diversity  of  configuration  ap* 
pears  sufficiently  striking  when  viewed  in  detail,  yet  a  little  con- 
sideration will  evince  that  these  irregalarities  aie  quite  nnimportf 

Why  is  this  circumstance  not  generally  obvious f 

What  is  Beaumont's  view  of  the  origin  of  mountains  ? 

What  is  the  relative  area  of  land  and  water  on  the  aorfhoe  of  die  globe? 

What  is  tho  form  of  the  bottom  of  tho  orcnn  ? 

How  nrc  the  irreguJoriues  of  the  earth's  surface  ia  companion  with  its 

whole  diameter? 


*  De  la  Bechift  Geological  ReiearchM,  ehap^  iii.  pp.  45, 40. 
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tut  when  estimated  witk  reference  to  the  nrngmtade  of  the  ter- 

lestrial  Rphoroid. 

65.  The  loftiest  peaks  in  the  world  are  supposed  to  be  those  of 
Dwalagfiri  and  Chandradabani,  in  the  Himalaya  ranore  of  mountains 
north  of  Hindostan,  said  to  be  about  five  miles  above  the  level  of 
the  sea;  and  on  the  opposite  surface  of  the  globe  are  the  summits 
of  Chimhorazo,  Ulimani,  and  Soratt,  in  the  ridge  of  the  Andes, 
the  heiffht  of  which  is  probahly  somewhat  more  than  four  miles 
above  the  sea.  The  depth  of  the  ocean  beneath  its  commoM  lerel, 
it  is  manifest,  can  only  be  calculated  conjecturally,  beyond  those 
points  which  can  be  fathomed  with  the  sounding  line;  but  from 
calculations  founded  on  astronomical  data,  Laplace  inferred  that 
its  mean  depth  was  a  small  fraction  of  25  miles,  the  ditference  in 
the  diameters  of  the  earth,  owin^  to  the  compression  or  flattening 
at  the  poles.*  It  has  been  variously  estimated  at  between  two 
and  three  miles ;  and  it  may  be  reasonably  concluded  that  the  bot- 
toms of  the  lowest  submarine  vallies,  or  cavities  in  the  bed  of  the 
ocesD,  do  not  reach  further  beneath  its  snr&ee  than  the  summits 
of  ihe  loftiest  mountains  extend  aboTC  that  IcTel. 

66.  If,  then,  fiire  miles  be  assamed  as  the  height  of  the  most 
exalted  protnberBnees,  and  also  as  to  the  depth  of  lowest  depres- 
sions on  the  solid  surface  of  the  earth,  the  utmost  inequalities  of 
level  cannot  exceed  ten  miles,  which  will  be  little  more  than 
part  of  the  diameter  of  the  g-lohe.  But  the  sea  covering  so  large  a 
portion  of  the  exterior  of  the  earth,  causes  the  whole  mass  to  as- 
sume the  form  of  a  nearly  perfect  spheroid,  irregularly  dotted  with 
relatively  minute  points,  the  most  considerable  of  which  protrudes 
about  j^j^jf  of  the  earth's  diameter  above  the  common  level  of  its 
surface.  Hence,  our  planet  viewed  from  the  moon,  must,  like  that 
satellite,  exhibit  a  circular  outline. 

67.  The  uncTcn  figure  of  the  eSTth*s  surface  has  been  compared 
to  the  little  risings  and  indentations  on  the  rind  of  an  orange,  but 
with  refeienee  to  the  diameters  of  the  two  bodies,  the  hrregnlaritiee 


*  "  On  a  regarde  long>temp6  la  profondeur  do  la  raer  comme  incalcula- 
hie,  on  la  diaait  immense.  II  eat  vmi  que  par  rapport  k  nous  elle  eat  trda- 

grande,  qu'elle  est  incommensurable  mecaniquement  par  noa  appareils  lea 
plus  perfection's,  et  quoiqne  Tctendue  des  regions  marines  dont  on  n*a 
pu  trouver  ie  fond  aoit  ires-vaste,  on  ne  doit  paa  en  conclure  que  ce  ibnd 
nyziate  (Mint.  L'aatronemie  modene,  aidee  des  grendes  loie  de  la  gravi- 
tation universelle,  nous  a  dovoilfi  ce  mysicre,  et  M.  de  Laplace  a  demon- 
tre,  par  rinfliience  que  la  hme  et  le  soleil  exercent  sur  notre  planete,  que 
la  profondeur  moyenne  de  la  mer  ne  puuvait  dcpasser  8000  metres,  (envi- 
mo  4000  toiaes.)  Ainai  lea  plus  hautea  montagnea  a'^levent  au-deaaaa  de 
la  surface  des  eaux,  d  la  meme  distance  que  les  abimes  de  I'acean  8*ea- 
Ibneent  dans  I'int'rieur  de  la  lerre." — Rhume  rrun  Cours  EUmentaire  dm 
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of  the  latter  exceed  those  of  the  former  beyond  all  proporiion  ;  for 
if  the  mountains  and  valleys  of  the  earth  were  modelled  according 
to  the  exact  ratios  of  their  respective  heiglits  and  depths,  on  the 
surface  of  aa  artificial  globe  one  foot  in  diameter,  they  would  be 
liardly,  if  mt  fill,  perceptible* 

68%  The  wmfBuoB  of  the  earth  both  abow  and  beneath  the  level  of 
iheeea  presents  aoonslderable  variety  of  conformation  and  arrange- 
ment. The  hiffher  parts  of  the  land  consist  of  rooks  and  moantainSt 
disposed  in  ridges,  like  the  Alps,  the  Pyrenees,  and  the  Andes,  or 
in  detached  peaks  and  headlands,  as  the  Peak  of  Teneriffe,  and  the 
Table  Mountain  at  the  Cape  of  Good  Hope.  Low  lands  may  form 
extensive  plains,  or  wide  sandy  deserts,  and  marshy  tracts,  or  lines 
of  coast  descending  to  the  level  of  the  sea.  Ravines,  hollows,  and 
valleys,  may  occur  at  various  heights,  rivers  sometimes  flowing 
liurough  them  to  their  tenninatkm  in  lakes  vad  seat.  As  to  the  form 
of  the  solid  sttiftee  eovered  with  water,  some  interesting  circum- 
stances have  been  observed.  There  can  be  no  doubt  but  the  bed  of 
4he  ocean  varies  in  level  in  some  measure  like  the  dry  land%  The 
numerous  islands  scattered  through  the  deep  are  obviously  the 
higher  parts  of  submarine  eminences,  those  portions  of  which  that 
are  under  water  sometimes  forming  sloping  banks,  and  sometimes 
abrupt  and  perpendicular  precipices.  The  declivities,  however, 
except  around  coral  islands,  are  not  probably,  in  general,  very 
steep.  » 
•  69*  ^The  soondings  round  coasts,"  says  Mr.  De  la  Beche, 
^  present  us  with  no  lines  which  ws  might  consider  to  be  those  oC 
valleys,  but  with  extensive  areas,  which  would,  if  raised  above  the 
level  of  the  sea,  fbrm  great  plains,  with  here  and  there  some  minor 
elevations  and  deeper  depressions^  the  latter  generally  in  the  form 
of  basins.  There  are  indeed  some  long  trough-like  cavities  in  the 
North  iSezSf  named  the  Silver  Pits,  but  they  present  us  with  nothing 
like  a  system  of  valleys  resembling  those  on  dry  land.  If  the  British 
Islands  were  elevated  one  hundred  fathoms  above  the  level  of  the 
ocean,  and  thus  joined  to  the  continent  of  Europe,  they  would  be 
surrounded  by  an  extensive  area  of  fiat  land ;  for  the  fall  from 
the  present  coasts  to  the  new  se»>coast  would  be  generally  so 
gradual  as  to  present  to  the  eye  one  great  plain.***  The  area  thus 
described,  in  which  the  sea  is  m  general  about  one  hundred  fathoms 
in  depth,  is  bounded  on  the  west  and  north-west  by  a  line  inclu- 
ding the  British  islands,  and  passing  round  them  from  the  coast  of 
France  to  that  of  Norway ;  and  terminating  towards  the  open  sea 
by  a  slope,  sinking  in  a  comparatively  rapid  manner  into  deep 
"water. 

How  may  the  slight  irregularities  of  the  earths  MHrfiuM  be  illotUated  t 

How  may  we  regard  the  islands  of  the  ocean  ? 

Of  what  form  are  generally  found  the  bottoms  of  seas  in  the  neigbouiw 
hood  of  continents  and  islands  ? 

How  is  this  illustirated  in  the  north  tea  and  other  parte  of  the  ocssft 
weat  of  Europe  t 

*  Geolog,  ReieardMs,  pp.  188!»  19a 
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70.  It  is  a  curious  fact,  that  there  are  continental  portions  of  the 
Mrth's  surface  considerably  below  the  common  level  of  the  ocean. 
MM.  Parrot  and  En|[elhart  appear  to  hvn  made  tbe  diseovefy^ 
tbai  fbB  Caspian  Sea  aad  L^e  Aral  are  beaeath  the  level  of  tM 
Meditenanean ;  and  M«  de  Humboldt  ascertained  that  thia  depiM- 
aioo  extends  to  an  extenaife  territory,  about  18,000  square  leagues 
in  surface.  This  tract  forms  an  immense  basin,  the  lowest  part 
of  which  is  occupied  by  the  Caspian  Sea.  The  surface  of  that  aea 
is  334  feet  beneath  the  level  of  the  Mediterranean,  320  feet  below 
the  level  of  the  Black  Sea,  and  that  of  Lake  Aral  203  feet ;  the 
latter,  as  appears  from  the  recent  measurement  of  Captains  Duha- 
mel  and  Anjou,  being  117  feet  above  the  level  of  the  Caspian.* 

71*  Ai  there  ia  ahendant  eridence  tlmt  those  parte  of  the  eartb 
eenetitetuig  the  pieeent  eonthienta  wad  ialanda  have  been  at  aome 
period  or  other  eoveied  by  water*  eo  it  may  beeoncluded  that  maeh 
of  the  bed  ef  the  eea  was  once  dry  land  ;  and  indeed  large  tracts 
have  been  submerged  within  the  period  of  historical  record.  M. 
T)e  la  Beche  remarks,  that  "dry  land  can  only  be  considered  as  so 
much  of  the  rou&^b  surface  of  our  globe  as  may  happen,  for  the 
time,  to  be  above  the  level  of  the  waters,  beneath  which  it  may  again 
disappeary  as  it  has  done  at  previous  different  periods.^'! 

General  View  of  the  Present  State  of  the  Surface  of  the  Earth* 

^  79.  The  exterior  of  the  earth  not  only  exhibita  nnmerooa  Taiia- 
tlonaof  level,  but  it  likewise  showa  a  diversity  of  structure  and 
eooBpoeition.  Independent  of  the  superficial  covering  formed  £rom 
the  mixture  of  decayed  animal  ana  vegetable  bodies  with  sand, 
clay,  and  other  materials,  arising  from  the  disintegration  of  stones 
and  rocks,  and  serving  as  a  nidus  for  the  production  and  support 
of  a  continual  ^succession  of  plants  of  every  kind,  from  mosses, 
fungi,  and  grasses,  to  the  noblest  trees  of  the  forest,  there  are  many 
peculiar  stratified  or  massive  formations,:^  somuUmes  extending 

What  curious  fact  did  Parrot  and  Engelhart  discover  respecting  die  hi* 
land  teas  of  Am  t 

How  are  we  to  regard  thr  ^Iry  land  of  the  globe? 
Of  what  is  the  exterior  crust  of  the  earth  composed 
What  is  meant  by  the  term  formation  ?  (Note.) 

*  Humboldt  Fragment  de  Gtologie  et  Climatologie  Aaialiquet,  torn.  i. 
pp.  9.  ^1.  136. 
t  Geolof  .  Manual,  p.  2. 

t  **  In  geop^nosy  the  word  formafion  cither  denotes  the  mnnner  in  which 
a  rock  has  been  produced,  or  ?7  dcsifrjiates  an  assemblage  of  mineral  masses 
so  intimately  connected,  that  it  is  supposed  ihey  mere  formed  at  Uie  same 
epoch,  and  &at  Aeu  present  in  Ike  most  distant  parts  of  the  earth  the  same 
general  relations,  both  of  com^osifion  and  of  situation  with  respect  to  each 
other.  Thus  the  formation  ol  obsidian  and  basalt  is  attributed  to  subter- 
nuiean  fires;  and  it  is  also  said  that  the  formation  of  transition  clay-slate 
coBlaitti  Lydian  stone,  chiastolite,  ampelite,  and  alternating  beds  of  blaek 
limestone  and  of  porphyry.  The  first  acceptation  of  the  word  is  the  most 
conibrnuible  to  the  genius  of  the  French  language  \  but  it  relates  lo  the 
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Qiver  vast  tnott  of  eoantry,  and  ftometimes  interrnpted,  mured,  and 
modified,  producing  new  combinations,  and  by  their  Tariona 
arrangements  comoosing  the  solid  cmal  of  the  earth,  commonly 
more  or  leas  coverea  and  concealed  by  vegetable  mould  and  verdure, 

hilt  occasionally  by  barren  sands  or  clay,  or  appearing  in  the  form 
of  rugged,  naked,  or  snow-clad  rocks  and  mountains. 

73.  These  formations,  consisting  respectively  of  series  of  rocks 
in  a  certain  order  of  superposition,  have  been  arranged  by  jreolo- 
gists  in  groups,  distinguished  with  reference  to  the  supposed  time 
or  mode  of  their  production :  thus  some  are  designated  as  primary, 
aeeondary,  and  tertiary ;  and  some  as  aedimentary  or  Tolcanic. 
From  examination  of  the  surface  of  the  earth,  it  appeara  that  the 
strata  or  masses  of  rocks  composing  formations  and  groups  have 
suffered  numerous  dislocations  and  interruptions,  indicating  local 
and  general  disturbances,  the  investigation  of  the  nature  and  causes 
of  which  may  advantageously  precede  more  full  and  particular 
descriptions  of  the  several  groups,  formations,  and  rocks,  of  which 
the  crust  or  exterior  portion  of  the  terrestrial  rrlobe  is  composed. 

74.  Whatever  may  have  been  the  cause  of  the  original  forma* 
tion  of  the  oldest  rocks,  whether  with  the  Wernerians  we  ascribe 
^em  to  aqueous  solution  and  crystallization,  or  with  the  Hutto- 
nians  to  igneous  fusion,  their  production  necessarily  infers  a  con- 
currence of  circumstances  no  longer  existing.  The  case  is  different 
with  tespect  to  the  superior  strata  composed  of  the  ruins  of  the 
older  rocks,  and  which,  from  their  containing  imbedded  both 
animal  and  vegetable  remains,  must  obviously  have  been  formed 
at  periods  subserjuent  to  the  origin  of  organized  beings.  There- 
fore as  the  structure  and  arrangement  of  such  rocks  may  be  sup- 
posed to  have  been  influenced  by  causes  having  some  analogy 
with  the  existing  order  of  things,  an  inquiry  into  the  nature  and 
extent  of  the  changes  now  j^oing^on  upon  the  earth's  snrfaoe  may 
be  expected  to  throw  some  light  on  the  geognostic  history  of  those 
formations  which  took  place  long  before  the  human  species  was 
called  into  existence. 

What  is  signified  by  a  group  in  Geology? 

Whatdtflbrent  names  ar«  given  to  the  respective  groups  of  formataons  t  . 

What  changes  have  been  produced  in  the  different  formations  ? 
How  do  the  superior  strata  of  the  earth  differ  from  the  inferior? 


origin  of  things,  and  to  oii  uncertain  science  founded  on  geogonic  hypo- 
tliesat*  The  second  scoeptation,  now  generally  received  by  the  French 
mineralogists,  has  been  borrowed  from  the  celebrated  school  of  Werner, 
and  indicates,  not  what  was  supposed  to  have  been,  but  what  now  exists. 
In  the  geognostic  description  of  the  globe,  we  may  distinguish  different 
modes  of  grouping  mineral  sabstanees  as  we  ascend  to  more  general  ideas. 
Rocks  which  alternate  with  each  other,  which  are  found  usually  together, 
and  which  display  the  same  relations  of  position,  constitute  the  same  fur- 
malion — the  union  of  several  formations  constitutes  a  geological  series  or 
group,  {tentun  0  but  the  terms  rocks,  fomutioffis,  and  terrains,  are  used  as 
synonymous  in  many  works  on  geognosy." — HumholdCs  G eognostical 
Essay  on  Me  SuperpoMon  qf  Rocka,  translated  iroA  the  French. 
page.  1. 
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Jf0uenu  of  jiir^  Water^  and  Volcanic  Fire^  on  the  Surface  of  l/te 

Earth. 

76.  Many  of  die  ch&n^  that  aie  affected  on  the  anpeificial 
portion  of  the  glohe,  aie  either  diiecfly  or  indirectly  owing  to  the 
operations  9f  man :  the  cutting  down  of  woods  and  forests,  drain- 
lag  lakes  and  marshes,  recovering  tracts  of  land  by  embaokmeol 
irom  the  sea*  levelling,  mining,  digging  canals,  constructing  roads 
and  causeways,  with  various  other  works  that  result  from 
human  skill  and  industry,  contribute  more  or  less  to  produce  al- 
terations on  the  face  of  the  earth  ;  but  their  agency  is  either  remote 
and  contingent,  or  comparatively  insignificant,  and  therefore  need 
not  be  particularly  investigated.  It  is  of  more  importaace  to 
consider  the  influence  of  the  elements  displayed  on  a  ^  more 
extensive  scale  with  regaid  l^iiher  to  time  or  space^  and  pro- 
dodng  correspondent  effects. 

7G.  Air,  water,  heat,  and  perhaps  electricity,  sometimes  acting 
slowly  and  gradually  through  long  periods,  may  modify  or  change 
the  form  and  constitution  of  substances  composing  the  solid  crust 
of  the  earth;  and  on  other  occasions  display  overpowering  force, 
and  violence,  giving  rise  to  storms  and  hurricanes,  tides,  currents, 
torrents,  and  deluges,  earthquakes  and  volcanos,  spreading  deso- 
lation and  ruin  over  wide  tracts  of  land,  breaking  up  and  displac- 
ing existing  strata,  or  covering  them  with  beds  of  new  matter,  re- 
placing Talleys  by  moontainst  or  mountains  hy  valleys,  and  thns 
prodnemg  strange  metamorphoses  in  the  appearance  of  those 
eonntries  over  which  their  inflnence  extends. 

77«  These  powers  of  nature,  however,  are  not  solely  active  in 
works  of  destruction,  their  agency  sometimes  being  productive 
of  new  formations.  Air  and  heat  may  ormsionally  operate  in 
this  way,  but  the  formative  effects  of  water  are  more  obvious  and  ex- 
tensive. Rivers  deposit  sands,  detrital  matter,  and  silt,  filling  up 
lakes,  and  constituting  deltas  on  the  margin  of  the  sea,  or  shoals, 
sandbanks,  and  islands  rising  amidst  its  waves;  lapidescent 
springs  yield  deposits  of  siliceous  earth,  tufa,  travertin,  and 
stalaetitic  limestone ;  and  the  water  of  the  sea  in  some  manner 
ftcilitates  the  operations  of  the  little  animals  employed  in  build* 
iog  coral  reefs  and  islands. 

78.  The  influence  of  the  atmosphere  in  modifying  the  surface  of 
the  earth,  whether  destructive  or  formative,  may  depend  either  on 
the  chemical  or  the  mechanical  properties  of  the  aerial  fluids  of 
which  it  is  composed.  Air  must  be  a  powerful  chemical  agent,  in 
consequence  of  its  containing  oxygen  and  carbonic  acid.  The  action 

or  ^^  Imt  importance  are  the  laboon  of  man,  considered  as  modifying 

the  surface  of^  the  globe? 

What  are  some  of  the  active  causes  which  change  the  exterior  condition 
of  the  eartfi  t 

Whnt  is  jtmong  the  most  efficient  of  those  cansos  ? 

To  what  propMTties  does  the  air  owe  its  modiiying  iniluence  on  Ihe  cruft 
ofllieeaftht 
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of  oxygen  may  cause  the  disintegration  of  rocks  in  which  metals 
and  metallic  sulphurets  are  included ;  and,  by  its  universal  affi- 
ni^  for  other  bodieSf  it  may  pre  rise  to  nmaerous  deeompoeitiosMi 
ana  oorobinationsy  ^e  modifying  effects  of  wltioh  most  be  alike 
eztensiye  and  important. 

79*  Carbonic  acid,  which  is  constantly  present  in  the  atmos- 
phere in  a  relatively  small  proportion,  occurs  abundantly  in  ear- 
tain  situations,  beinnr  g^iven  off  from  the  surface  of  springs,  or 
issuing  from  fissures  in  the  earth.  It  is  chiefly  evolved  in  coal-pits 
and  m  volcanic  districts.  Among  the  most  noted  natural  labora- 
tories of  carbonic  acid,  is  the  Grotto  del  Cane,  near  Naples,  the  phe- 
nomena of  which  have  often  been  described  :  and  many  others  occur 
in  different  parts  of  the  world.  This  gas  is  disengaged  in  vast 
qnantities  from  erery  part  of  the  Limagne  d^Auvergne,  in  France, 
where  it  appears  to  have  been  produced  in  equal  abundance  from 
time  immemorial.  This  elastic  fluid  being  invisible*  it  is  only 
observed  in  consequence  of  its  effects,  as  when  an  excavation  is 
made,  in  which  it  accumulates,  and  a  lighted  candle  or  other 
burning  body  introduced  into  it  becomes  extinpruished.  There 
are  some  springs  in  this  district,  where  the  water  is  seen  bubbling 
and  boiling  from  the  copious  disengagement  of  this  gas.  It  has 
an  obvious  effect  on  the  vegetation,  many  trees,  as  the  walnut, 
flourishing  more  Inmrtantly  than  they  woold  otherwise  do  in  the 
same  soil  and  climate,  probablv  owin^  to  the  rapid  absorption  or 
decomposition  of  carbonic  acid.  This  gas  is  found  in  springs 
issuing  from  granite,  near  Clermont,  as  well  as  from  the  tertiary 
limestones  of  the  Limagne.* 

80.  In  the  environs  of  Pont-Gibaud,  not  far  from  Clermont,  a 
rock  belonging  to  the  gneiss  formation,  in  which  there  are  lead 
mines,  has  been  found  quite  saturated  with  carbonic  acid,  which  is 
continually  given  off  in  the  gaseous  form.  The  carbonates  of  iron, 
lime,  and  manganese,  are  so  dissolved,  that  the  rock  is  rendered  soft, 
and  the  quartz  alone  remain^  anattaeked.f  Dolomlen  notices  the 
frequent erolntion  of  carbonic  acid  in  the  Tielnity  of  Mount  Ktna, 
and  especially  near  Paterno.  An  immense  quantity  is  diseiH 
gaged  from  the  surfaoe  of  a  cold  spring  called  Jicqua  Hosm^  to  the 
water  of  which  it  communicates  a  powerfully  acid  taste,  and 
gives  it  the  appearance  of  ebullition.  This  gras  seems  to  be  pure 
carbonic  acid,  proving  suddenly  fatal  to  animals  that  respire  it, 
many  bein^  tempted  by  the  freshness  and  limpidity  of  the  water, 
shaded  by  hushes  and  reeds,  to  quench  their  thirst.    Hares  and 

How  is  the  importance  of  carbonic  acid  proved  ? 

Tn  what  particular  localities  does  it  aboundj^^ 

What  effect  does  it  produce  on  the  appearance  of  spring!  t 

What  descriptiou  ha^  been  given  of  the  Acqua  Rosta  t 


*  Le  Coq  Annalei  de  TAnvergne,  torn.  i.  p.  217.   May,  1888L 

t  Lyell's  Prin.  of  Oeol.,  vol.  i.  p.  317.  from  Ann.  d'Auvergne.  June,  18291 
See  aJiO  G.  FOolett  Scrope's  Memoir  on  the  Geology  of  Central  France. 
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dfeeti  ire  stated  by  Bf  Bf.  Biachof  and  Noggerath  &  be  produced 

by  the  exhalation  of  carbonic  acid  from  the  vicinity  of  the  lake  of 
Laaeht  tbe  ^imiltij  of  wbieh  bat  bees  estiimted  at  600,000  pounds 
a  day.. 

81.  In  the  Brohlthal,  on  the  Rhine,  an  old  volcanic  country, 
there  is  a  considerable  evolution  of  carbonic  acid  eas,  which  is 
employed  by  M.  Bischof  in  the  manufacture  of  chemical  pre- 
parations on  a  large  scale.f  Near  Fort  Diadine,  on  the  Ea- 
nhrates,  in  Armenia,  are  mineral  springs,  imoreffnated  with  car* 
Dosic  aeid  and  snlpbttrettad  hydrogen,  two  or  mkb  s»  sensik- 
sble  Ibr  tbe  depoeitioa  of  large  ^nantillea  of  oaibosate  of  lime*  In 
the  environs  of  these  two  spnnga  tbe  limeatone  contains  mocb 
native  sulphur,  which  for  a  long  time  was  sollected ;  but»  the 
carbonic  acid  arising  having  suffocated  many  of  the  workmen, 
the  undertakinjT  was  abandoned.  The  acid  gas  issues  in  this 
place  from  the  bowels  of  the  earth  in  such  great  quantities,  as  to 
fill  the  caverns  and  neglected  excavations,  forming  numerous  strata 
of  livid  vapours.  It  is  sometimes  evolved  with  so  much  rapidity 
through  the  clefts  as  to  produce  a  strong  current  and  a  hissing 
noise.  Small  birds  seeking  refuse  in  thew  csTeniS)  or  coming 
near  tbe  fissnrea,  are  aoddenly  atined^ 

82.  But  perhaps  the  most  extraordinaiy  phenomenon  of  Ills 
kind  in  the  world  is  the  Guevo  Upas,  or  Valley  of  Poisoni  in  tbe 
Island  of  JaTa«  tbe  deadly  effects  of  which  contributed  in  no  small 
degree  to  ffive  currency  to  the  fabulous  report  of  the  existence  of 
a  wonderful  tree  called  the  Bohun  Upas,  so  fancifully  described 
by  Dr.  Darwin,  in  his  "  Botanic  Garden."  The  district  in  w^hich 
this  valley  is  situated  was  visited  by  Mr.  A.  Loudon,  who  states 
that  it  is  three  miles  from  Balor,  on  the  road  to  the  Djung.  He  des- 
oribea  it  as  about  half  a  mile  in  circumference,  of  an  oval  form, 
from' 30  to  35  feet  in  depth,  and  quite  flat  at  tbe  bottom ;  deatitnta 
of  regetation*  being  ooTered  witb  alteletona  of  human  bein^  tigersj 
bogs,  deer,  peacocks,  and  vagons  sorts  of  birds,  which  have 
perished  by  entering  into  the  atmosphere  of  caibtmic  acid,  with 
which  the  lower  part  of  the  valley  is  filled.  There  were  no  visible 
openings  in  the  ground  at  the  bottom,  which  appeared  to  be  of  a 
hard  sandy  substance.  The  sides  of  the  valley  are  covered  with 
trees  and  shrubs  ;  and  it  may  be  concluded  that  the  gas  does  not 
rise  above  18  feet  from  the  bottom,  as  Mi.  L.  and  others  with  him 

What  praetieal  ate  is  KmietbnM  made  of  carbonic  acid  natoialiyde* 

Veloped  f 

Describe  the  Valley  of  Poison. 

How  high  doefi  the  carbtAiic  acid  of  that  valley  probably  rise  7 


*  Memoirs  sur  let  Isles  Ponces et  Catalogue  Raiaoimee  de  Produits  de 
I'Etnu.    Paris,  1788.    p.  364. 

fDe  la  Beche's  Geol.  Man.,  pp.  154,  155. 

t  BouA  M4moirM  Geolog iques  et  Paleootologi^UM.  1838.  torn.  i.  p.  281. 
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descended  to  that  depth,  where  they  experieticed  no  difficulty  of 
breathing  or  inconvenience,  except  that  which  arose  from  the 
offensive  odour  of  the  putrifying  bodies  below.*  No  smell  of 
sulphur,  or  traces  of  volcanic  matier  were  observed ;  hot  there 
caa  be  no  doabt  bat  the  prodnetioa  of  carbonic  acid  in  this  situa- 
tion is  connected  with  Tolcanie  inflnenee*  which  extends  through* 
out  lnvay  and  many  of  the  neighbouring  islands. 

S£  ,11ie  effect  of  carbonic  acid,  as  a  cbemical  agent,  both  as 
coinnoonly  present  in  atmospheric  air,  and  as  more  abundantly 
occurrinor  in  such  localities  as  those  above  described,  must  de- 
pend  on  the  nature  of  the  rocks  and  other  bodies  with  which  it 
may  come  into  contact.    It  may  thus  cause  the  decomposition  of 

Sraniie,  gneiss,  and  other  feldspathic  and  micaceous  substances, 
y  combining  with  the  potash,  soda,  or  Itthia,  whicli  enter  into 
their  c<mstltiitioD*  ~  On  the  oontratyy  when  it  moonnters  lime  or 


**The  disintegration  of  granite  is  a  striking  feature  of  large  dis- 
tricts in  AnYeirgne,  especially  in  the  neighbourhood  of  Clermont. 
This  decay  was  called  b^  Dolomieu,  'la  maladie  du  granite and 
the  rock  may  with  propriety  be  said  to  have  the  rot,  for  it  crumbles 
to  pieces  in  the  hand.  The  phenomenon  may  without  doubt  be 
ascribed  to  the  continual  disengagement  of  carbonic  acid  gas  from 
numerous  fi88ure8."f 

84.  The  chemical  action  of  carbonic  acid,  as  it  exists  in  the 
usual  state  of  the  atmosphere  near  the  earth's  surface,  though, 
much  more  gradual,  and  therefore  less  noticed  than  were  it 
copiously  CTolTed  from  the  water  or  soil«  as  in  Tolcanic  conntiiesv 
is  yet  sufficiently  powerfol  to  produce  a  manifest  effect  on  the 
structure  of  large  masses  of  granite  and  rocks  of  analogous  com- 
position* In  the  western  parts  of  Great  Britain  wiieie  primitive 
formations  prevail,  granite  masses  not  unfrequently  occur,  which 
from  their  peculiar  forms  received  the  Celtocymric  appellations  of 
logan,  tolmen,  and  kistvaens ;  and  were  by  Dr.  Borlace  and  other 
antiquaries  long  regarded  as  works  of  art  of  Druidical  origin ;  but 
these  rocking-s tones,  rock-basins,  cheese-rings,  and  altars,  are  now 

Senerally  admitted  to  be  blocks  of  granite,  which  hSTC  acquired 
leir  respective  forms  in  consequence  of  superficial  decompositioii 
or  disintegration.  The  manner  in  which  tnts  tslces  place  may  be 
illustrated  by  the  following  figure  of  a  group  of  such  decaying 
roclcs,  formings  part  of  Great  Staple  Tor,  on  Dartmoor,  in  Devon- 
shire,  sasn  from  the  80uth-west«:|: 


On  what  sources  does  the  large  supply  of  this  gas  depend  ? 
To  what  cause  may  the  disintegration  of  granite  be  ascribed  ? 
What  it  the  piobsbls  origin  of  rocking-tlones  and  other  detached  nsMes 
of  gianiie  ? 


production  of  new  rocks. 


*  Journal  of  Geographical  Society,  vol.  iL 

f  Lyett's  Prin.  oTGedi.*  vol.  L  p.  317. 

t  From  De  la  Beche'b  Geological  Retearches. 
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85.  M.  De  la  Beche  remarks,  that  it  is  "more  like  the  remains 
of  some  huge  building  or  battlement,  than  the  effect  of  cleavage 
and  decomposition,  which  it  is."  Granite  is  not  generally  regarded 
as  a  stratified  rock  like  gneiss  and  mica  slate ;  but  it  is  a  fact  well 
known  to  the  workmen  who  are  employed  in  quarrying  and  cut- 
ting it,  that  it  has  what  they  term  a  grai?i,  or  that  it  will  split  in 
one  or  two  directions  more  easily  than  in  others.*  This,  doubt- 
less, is  owing  to  the  arrangement  of  the  mineral  bodies  of  which 
it  is  composed,  and  especially  the  feldspar,  the  decomposition  of 
which  must  essentially  aid  the  process  of  disintegration,  and  de- 
termine in  a  great  degree  the  direction  in  which  it  takes  place. 

86.  There  are  other  gases  which  are  copiously  evolved  in  some 
situations,  and  particularly  in  the  vicinity  of  volcanos.  Dolomieu 
states,  that  he  ascertained  the  presence  of  sulphurous  acid,  mu- 
riatic acid,  hepatic  gas  or  sulphuretted  hydrogen,  phlogisticated 
or  nitrogen  ^s,  and  inflammable  air  or  hydrogen,  as  well  as  car- 
bonic acid,  in  the  exhalations  from  the  suriace  around  Mount 
Etna  ;f  and  other  observers  have  noticed  the  occurrence  of  chlorine 
gas.  But  the  most  abundant  of  the  spontaneously  produced  gases, 
next  to  carbonic  acid,  probably  is  carburetted  hydrogen,  well  known 
as  an  agent  of  destruction  in  coal-mines,  it  is  likewise  some- 
times emitted  from  the  surface  of  the  soil,  or  of  springs  and  wells. 

87.  The  country  around  Baku,  on  the  western  shore  of  the 
Caspian  Sea,  is  remarkable  for  its  numerous  mud  volcanos  and 
fountains  of  naphtha,  the  soil  apparently  being  every  where  im- 
pregnated with  bituminous  matter.  About  ten  miles  to  the  north- 
east of  Baku  are  many  old  temples  of  the  Guebres,  or  fire- 
worshippers,  in  each  of  which  there  is  a  jet  of  inflammable  gas 
issuing  from  apertures  in  the  earth.  Within  an  area  of  two  miles 
in  circumference,  if  holes  be  made  in  the  earth,  gas  immediately 
rises,  and  may  be  set  on  fire  by  a  lighted  torch.  The  inhabitanta 

What  is  the  oppoarnnce  of  Great  Staple  Tor  t 

What  character  does  granite  manifest  when  we  attempt  to  divide  it  roe* 
chanically  ? 
What  gases  are  evolved  from  volcanos  ? 
Which  two  of  these  are  most  abundant  ? 

What  peculiar  appearance  has  been  observed  west  of  the  Caspian  Sea? 

♦  Dr.  Boase,  who,  from  analogy  of  structure  between  granitic  and  schis- 
tose rocks,  infers  their  common  origin,  has  adduced  suflicieni  evidence  of 
an  approach  to  stratification  in  the  former.  See  his  Treatise  on  Primary 
Gcologj.    1834.    ch.  vi. 

t  Aleraoiro  surles  Isles  Ponces,  &c.,  pp.  360— 363. 
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fizbolloireuieeiasiielilidflttWri  li^ht  the  stieam  of  'M  fnm 
the  top«  vrailinif  fhemselves  of  th4  light  and  heat  for  domestic 
purposes.  The  flame  is  easily  extinguished  by  pluj^gring  up  the 
orince  of  the  tube.  Besides  the  sacred  and  domestic  fires,  there 
is  a  large  one  which  springs  from  a  natural  cliffy  in  aa  open  siUia* 
tion,  ^nd  which  bums  continually. 

88.  Mr.  Kinneir  states,  that  the  whole  country  round  Baku  has 
at  times  the  appearance  of  being  enveloped  in  names.  "  It  often 
seems/^  he  says,  as  if  the  fire  rolled  down  from  the  mountains 
in-  luge  maases,  and  with  inevedible  Telocity ;  and  daring  the 
clear  momiahine  nights  of  Novemher  and  Deeen^ert  a  bright  hlne 
light  is  obsenred  at  times  to  eorer  the  whole  western  range.  This 
fire  does  not  consume,  and  if  a  person  finds  luniseif  in  the  middle 
of  it  no  warmth  is  felt."* 

89.  Captain  Beaufort  describes  an  ignited  jet  of  inflammable 
gas,  called  the  Yanar,  near  Delictash,  on  the  coast  of  Karamania, 
aticienll}'  perhaps  the  object  of  religious  veneration.  He  states, 
that  in  the  inner  corner  of  a  ruined  building,  the  wall  is  so  un- 
dermined as  to  leave  an  aperture  of  about  three  feet  in  diameter, 
and  shaped  Ilka  the  month  of  an  oren :  from  this  the  flame  iasnes* 
giving  out  an  intense  heat,  yet  prodacing  no  smoke  on  the  widl.** 
Tliough  the  wall  was  scareely  diseidovisd,  a  little  eak&d  soot 
appeared  in  the  neck  of  the  aperture.  The  hill  is  eomposed  of 
erumbly  serpentine,  and  loose  rocks  of  limestone.  At  a  short 
distance  down  the  hill  there  is  another  aperture,  which,  from  its 
appearance,  may  have  given  out  gas.  The  Yanar  is  supposed  to 
be  of  ancient  date,  Pliny  having  described  a  similar  phenomenon, 
probably  with  reference  to  this  spot.f  Such  jets  of  inflammable 
gas  have  been  observed  in  a  mountain  in  the  island  of  Samos,  in 
n  temple  at  Chittagong  in  Bengal,  and  near  salt  springs  in  China* 

90.  Both  in  Europe  and  Amerlea  the  apontaneens  prodnetion 
of  eaibnietted  hydrogen  has  been  taken  advantage  of  for  econo- 
mieal  purposes.  In  Sie  salt  mine  of  Gotlesgabe,  at  Reine,  in  the 
eonnty  of  Tecklenberg,  there  is  an  opening  called  the  Pit  of  the 
Wind,  from  which  a  continuous  current  of  this  gas  has  issued  for 
sixty  years.  M.  Roeders,  inspector  of  the  mines,  has,  for  a  few 
years  past,  employed  this  natural  gaslight  for  the  purposes  of 
illumination  and  for  cookety.*}: 

91.  Near  the  village  of  Fredonia,  New  York,  are  a  number  of 
what aie  called  hnniing  springs ;  and  gas  iasnes  from  themt  whiiA 

To  what  naefol  purpoee  is  it  applied  f 

What  peculiarity  belongs  to  the  Baka  gas  fires  ? 

What  10  the  situation  and  appearance  of  the  Yanar  ? 


*  See  Hanway's  Travels  in  Persia,  vol.  i. ;  Geo.  Forster's  Travels  over 
Isnd  fo  India;  MaedonaM' Kinnflif's  Geographical  Memoir  on  Peiaia; 
EngeUiardt  and  Parrot's  Travels  in  the  Crimea  and  Caucasus  in  ISlSt  VoL 
'. ;  and  Humboldt  Frngrm^ns  Asiatiques. 

t  Karamania,  or.  Brief  Description  of  the  Coast  of  Asia  Minor.  1817. 

I  Edmb.  JEottinsl  of  Scisnoe^  No.  xy.  p.  183. 
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it  eoilcetad  to  a  gainaiater,  and  eMTeyed  liy  pipes  to  ^  village^ 
wkieh  is  thus  limted.  The  same  kind  of  gas  is  erolved  mora 
«opioQsly  fo  the  bed  of  a  stream  about  a  mile  from  the  village.  It 
consistci  of  carboratled  hydrogen^  supposed  to  be  derived  from 
beds  of  bituminons  coal.*  A  current  of  gas  resembling  this  last 
was  disrovrred  in  1828,  in  the  bed  of  a  rivulet  which  crosses  the 
north  road  between  Edinburgh  and  Glasgow,  about  seven  miles 
from  the  latter  city.  It  is  said  to  be  emitted  for  more  than  half 
a  mile  along  the  banks  of  the  rivulet ;  and  in  one  place,  where 
many  jets  issued  within  a  yard  square,  it  was  set  oo  Are,  and 
boTOt  onliilemiirtedly  daring  five  weelcs,  giving  tbe  clay  soil  the 
apvearaoee  of  powdeied  briek.f 

M.  The  extrication  of  inilaininable  gsses  from  the  bowela 
the  earth  is  interesting,  as  tending  to  nlastrate  the  peculiar  geo- 
logical structure  of  various  distant  portions  of  the  earth's  surface; 
and  the  gases  issuing  from  volcanic  districts  must  have  some  in- 
fluence on  the  nature  of  the  minerals  occurring  in  such  situations ; 
but  the  quantities  in  which  they  are  thus  produced  are  relatively 
insinrnificant,  and  their  formative  or  destructive  effects  must  take 
place  to  an  extent  far  inferior  to  those  occasioned  by  oxygen  and 
carbonie  seld« 

93.  Gases  are  not  the  only  kinds  of  foreign  itiatter  eontained 
In  the  atmosphere,  whieli  forms  a  leeeptacle  for  all  8q<^  bodies« 
iriisther  fluid  or  solid,  as  are  at  any^time  exposed  to  its  action, 

and  are  rendered  capable  of  elevation  by  their  inferiority  of  spe- 
cific gravity.  Water,  however,  appears  to  be  the  only  kind  of 
matter  which  occurs  in  sufficient  quantities  in  the  atmosphere,  to 
produce  any  considerable  effect  on  the  surface  of  the  earth  in  con- 
sequence of  its  chemical  properties.  From  its  solvent  power  it 
must  materially  aid  the  operation  of  carbonic  acid  in  the  decom- 
posittoa  of  rodts,  and  that  property  alone,  as  it  is  widely  dis- 
perssd«  and  in  some  plaees  in  erreat  abnndanee  in  tlve  lower  stnta 
of  the  air,  rendess  it  a  formidable  agent  of  destruction; 

94.  It  has  sometimes  been  supposed  that  the  atmosphere  ab» 
straets  water  from  the  seSy  holding  in  solution  muriatie  acid  or 
salts.  But  from  the  experiments  of  M.  Roubaudi  at  Nice,  on  the 
coast  of  the  Mediterranean,  it  appears  that  when  the  sea  is  calm, 
the  air  on  the  sr>a-shore  and  over  the  sea,  contains  neither  muriatic 
acid  nor  muriates,  though  when  the  sea  is  rou^h,  and  particularly 
if  the  wind  is  high,  particles  of  sea-water,  in  a  state  of  great 
tennity,  float  in  the  air,  but  the  distance  to  which  they  may  be 

• 

What  use  is  made  of  the  carburettcd  hydrogen  from  natural  sources  ? 

What  is  the  probable  influence  of  iaaammablo  gaaef»  compared  with 
that  of  oxygen  and  hydrogen  ? 

What  is  uie  lelative  ininenee  of  mowtoie  on  the  texture  of  the  eardi't 
surface  ? 

What  is  the  condition  in  regard  to  (rethnen  or  saltness  of  water  evapo- 
lated  from  the  ocean  ? 

*  Edinb.  Journ.  of  Science,  No.  xv.  p.  183. 

t  £diab.  Journal  of  Science,  No.  i.,  N.  S.  pp.  71—75. 
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mried  inland,  idll  aacefnaiilj  {iepend  on     Ibfoe  aad  diiecdoa 

of  the  wind.* 

95.  The  action  of  the  atmosphere  on  the  snperfieial  sbata  of 
the  earth  varies  according  to  the  circumstances  under  which  it 
takes  place.  When  it  is  in  a  state  of  repose  its  effects  must  prin- 
cipally depend  on  its  properties  as  a  chemical  agent ;  and  these 
have  been  already  noticed.  Air,  when  in  a  state  of  a^tation,  as 
during  the  prevalence  of  winds,  storms,  tempests,  hurricanes,  and 
tornados,  becomes  a  mechanical  agent  of  vast  power;  but  its  in- 
flnence  is  so  ^oerally  blended  with  that  of  aqneona  ahoweia  and 
currents,  that  it  is  difficult  to  ascertain  the  exact  extent  to  which 
it  operates ;  and  as  the  subject  of  aerial  oscillations  and  distuib- 
aooes  belongs  to  meteorology,  a  few  observations  only  will  be 
requisite  here  relative  to  the  effect  of  oommotions  in  the  atmoa* 
phere  on  the  surface  of  the  earth. 

96.  Even  when  the  air  is  perfectly  still,  the  power  of  gravita- 
tion necessarily  causes  the  ascent  of  all  loose  bodies  from  the 
earth,  which  are  inferior  in  specific  gravity  to  the  lower  aerial 
strata,  and  extremely  minute  particles  of  hea?ier  matters  are  also 
elevated,  probably  from  the  action  of  tempmtaie, producing  mode* 
rately  ascending  currents.  It  is  in  consequence  or  their  WMiderful 
tenuity,  th|it  the  seeds  of  cryptogamous  plants,  as  masses,  fanA^ 
and  lichens,  are  often  transported  to  great  distances  through  the 
air,  and  thus  such  plants  are  found  vegetating  in  situations  in 
which  it  would  be  impossible  otherwise  to  account  for  their  exist- 
ence. "The  sporules  of  fungi,"  observes  Fries,  "are  so  infinite, 
that  in  a  sing^le  individual  of  Rtticularia  maxima^  I  have  counted 
above  ten  millions,  and  so  subtle  as  to  be  scarcely  visible,  often 
resembling  thin  smoke,  so  light  that  they  may  be  raised,  perhaps, 
by  evaporation  into  the  atmosphere,  afld  dispersed  ia  so  many 
ways  by  the  attraction  of  the  sun,  by  insects,  wind*  elasticity, 
adhesion,  dec,  that  it  is  diQcnlt  to  conceive  a  place  from  whioh 
they  may  be  excluded. "f 

97«  To  what  great  distances  heavy  substances  in  a  state  of  minute 
division  may  be  conveyed  through  the  air,  will  appear  from  the 
following  observations,  made  at  Barbados,  during  a  volcanic  erup- 
tion in  the  island  of  St.  Vincent^s,  which  is  about  seventy  miles 
directly  westward  from  it:  "In  the  night  preceding  the  Ist  of 
May,  1812,  the  inhabitants  of  the  garrison  of  Barbados  were 
alarmed  by  the  noise  of  explosions  from  the  westward,  whick 
aeemed  to  proceed  from  fleets  engaged  at  sea  in  that  direction.  Al 
two  or  three  in  the  moming  there  was  a  strange  sort  of  dust  drd)^ 

On  what  two  principles  does  the  modifying  action  of  the  air  depfodf  > 

How  is  the  ^cent  of  bodies  in  the  air  to  1^  accounted  fort 

What  evidence  have  we  of  the  tnuMportetaon  ef  vefeleble  and  other 

substances  through  the  nir? 

What  striking  example^,  can  be  cited  of  the  tiansportation  of  heavy 
materials  through  the  airf 

*  Journal  do  Pharmacie.  1833. 

t  JUndlejr't  JhtioducUon  to  the  Natural  System  of  Botany* 
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pfatf  tin  lii^  wMoh  iKTMuni  m  tbe  aiMiBf  w^^nmc^ 
WMA  daylight  appealed*  a  large  body  of  vapour  appeared  ta  the 
Dorthward  of  the  eaet,  slowly  adyaneing  over  the  islandy  f^io- 
ducing,  in  a  manner  sufficiently  obvious,  a  darkness  in  the  quarter 

from  whinh  it  came,  carrying  before  it  a  bright  portion  of  the  sk^^, 
bounded  by  an  apparently  circular  line  of  dimensions  successively 
diminishing  until  entirely  shut  in,  and  complete  darkness  covered 
all  thinge.  The  ordinary  darkness  of  night,  always  illuminated 
more  or  less  by  starlio^ht,  was  not  to  be  compared  to  this.  It  was 
total  and  absolute.  The  eye  could  act  see  the  haad.^  It  was  an 
Egyp^aa  darkness  that  might  he  felt.  The  dost  oontinned  to  in* 
erease,  and  fell  in  endi  large  quantities,  as  to  eover  eyery  thing 
to  the  depth  of  more  than  an  inchy  and  even  to  break  down  the 
branches  of  trees  by  lying  on  them.  Between  twelye  and  one 
o'clock  in  the  day,  a  vertical  shadowy  light  began  to  appear,  the 
passage  of  light  from  the  atmosphere  above  being  shortest  in  that 
direction  through  the  dust,  in  a  circular  form,  which,  as  the  dust 
thinned  away  or  drove  on,  increased  in  diametefy  until  the  whole 
body  of  particles  passed  away  visibly. 

98.  By  the  impalpable  particles  of  dust  thus  denosited,  for 
many  days  men  and  animals  were  grieToosly  annoyen;  even  the 
tender  leayw  of  plants  were  injnred«  and  the  wind  agitating  the 
dufty  the  whole  face  of  the  country  showed  like  the  crater  of  m 
volcano.  The  volcano  of  St.  Vincents  had  burst  out.  The  du8t| 
thrown  by  explosiona  to  eonsiderable  heights,  had,  by  the  higher 
currents  of  air,  been  carried  to  windward  during  the  night,  and, 
descending  into  the  lower  regions  of  the  atmosphere,  was  driven 
back  over  the  island  by  the  ordinary  tradewind  a  little  to  the  north 
of  east.    During  the  fall,  patterings  on  the  roofs  of  houses,  as  of 

frosser  particles  than  dust,  were  repeatedly  heard,  and  some  of  the 
ust  sent  to  ne  contained  particles  of  stones,  whose  dimensions 
seemed  to  exceed  all  the  power  of  4oala?e,  so  gross,  that  I  was 
led  to  conceive  that  they  were  carelessly  taken  up  fiom  the  sefl  on 
which  the  dust  lay.  Other  portions  of  the  dust  were  free  from 
these.  An  analysis  of  this  dust,  in  the  laboratory  of  the  Royal 
Institution,  by  Mr.  Faraday,  givefl  the  following  components: 
silex  78,  alumine  11.2,  lime  7,  oxide  of  irou  3.4,  loss  .4  =  100.* 

99.  "  This  floatage  power  of  small  bodies  may  account  for  the 
dust  said  to  be  observed  on  the  tops  of  the  highest  mountains,  to 
which  the  finest  particles  of  smoke,  and  of  whatever  solid  materials 
may  be  adequately  divided^  so  as  to  be  elevated  and  dispecsied  in 

fJteicrihe  tke  phenomena  eeeompanying  the  eruption  at  St  Vincents? 
TTow  ifl  ihB  pacticalar  enrrent  ot  the  Aowernf  nortin  dint  esse  to  be  se- 

counted  furl 

What  efl^et  did  it  produce  on  tho  roofs  of  boildings  ? 

What  was  found  to  be  the  composition  of  the  material  fhra  eollected  ? 

How  » the  duit  en  the  surface  of  high  mountains  to  be  aooonnted  lor? 


*  The  small  amount  of  loss,  ahout  l-200th  of  the  whole,  may  probahl|f 
have  been  owtn^  to  tbe-e^capo  of  hygroroetric  moislurie^ 


unJNPAnoiri  or  wAm. 


air,  may  rise,  and  in  a  g'wm  state  of  rest  in  the  air  aboye,  unknown 
below,  may  quietly  be  dfiposiled,  and  undisturbedly  repose.'** 

100.  During  an  eruption  from  the  volcanic  mountain  of  Tomboro, 
in  the  island  of  Suoibawa,  in  1815,  which  will  be  subsequently^ 
noticed,  the  fUl  of  dii«l  md  ashee  was  so  gieat  at  Bima^  fortj 

*  niiles  eastward  of  the  TOlcano,  as  to  bfeah  down  tits  roofs  of  the 
^   residsney  and  other  houses ;  and  on  the  aide  of  JaTa«  the  volcanic 
powder  was  carried  300  miles,  and  more  than  dOO  towaids  Celel»esi 
in  ssfficient  quantity  to  darken  the  air. 

101.  The  influenre  of  the  atmosphere  in  modifyingr  the  surface 
of  the  earth  must  obviously  be  greatly  nucrmented  during  the 
prevalence  of  high  winds.  Thus  are  formed  dunes  and  sand-hills, 
which  sometimes  overwhelm  cultivated  fields,  and  the  habitations 
of  man,  transforming  fertile  plains  into  barren  trackless  wastes. 
Sneh  piieBOoaiM  h^ve  taken  nlace  in  the  south  of  France,  ia 

^^mnt  MtU  or  3e^nd* 

103.  Cdllte  imatiti^^  where  the  sand  thrown  up  by  the  sen 
is  left  loose,  it  advanbCr  m  irresistibly  over  the  land  as  the  silt 
and  other  alluvial  matter  cairied  down  by  rivers  does  OTcr  the  bed 
of  the  sea.  In  their  pronrnss  tl'e  sands  push  before  them  large 
pools  formed  by  rain,  ij)terrepl ing  their  communication  with  Uie^ 
sea.  On  the  coast  of  the  Bay  of  Biscay  they  have  overwhelmil 
many  villages  mentioned  in  records  of  the  middle  ages ;  and  in  the 
department  of  the  Landea  alone,  ten  are  now  threatened  with 
destf  action.  Mimisan,  one  of  these  villages,  has  for  twenty  years 
been  strngding  against  them,  wluM  a  sand-hill  more  than  sixty 
leet  in  heljpit  is  approaehlne  it  Their  progress  has  been  estimated 
nt  sixty  leet  annaally,  and  in  some  places  at  seventy-two  feet. 
Accoidingr  to  this  calculation  they  might  In  two  thousand  yean 
reach  Bomrdeaux ;  and,  from  their  present  extent,  it  must  have 
been  about  four  thousand  years  since  they  ben^n  to  be  formed. | 

103.  The  sands  of  the  Libyan  deserts,  driven  by  the  west  winds, 
have  covered  all  the  land  formerly  capable  of  tillage  on  the  western 
bank  of  the  Nile.  Denon,  in  hi=^  ''Travels  in  Lower  and  Upper 
Egypt,*'  says  that  the  summits  of  the  ruins  of  ancient  cities  buried 
under  these  sands  still  appear  externally.  ^  ^,  _  ^. . 

104^  In  Morayshire,  N.  B.,  westward  from  the  mouth  of  tfie 
rlTcr  Findhom,  a  district  consisting  of  more  dian  ten  ■onare  miles 
of  land,  onee  termed,  from  its  ibrtuity,  the  Granary  of  Moray,  has 
been  depopulated  and  ruined  by  a  sand«flood.  The  eruption  com- 
menced  about  16779  sad  its  progress  was  gradnal ;  but  in.  1697  not 

What  evidence  of  eitenaive  motion  in  manes  of  dust  is  Ibund  in  the 
Cast  Indifis? 

On  what  eaoses  fai  the  IbniMition  of  mnd-hilli  supposed  to  depend  ? 

What  operation  is  offcctod  by  the  wind  on  sands  upon  the  sea-coest? 
What  examploa  uf  thii  are  lound  in  Europe  ? — in  Egypt  ? 


*  On  the  Floatage  qf  Small  Heavif  Bodies  in  Air,  by  G.  W.  Jordan,  F 
fL  S.,  Joara.  of  Scienoot  vol.  viiir  S6l^-tt3. 
i  CavhfB  Theory  of  the  Emm^  18$^39. 
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a  vestige  wai  to  mtm  ikm  rmnm  Ihwim,  cwliMto,  Mii 
of  Ooobiaat  two-lldiidt  of  Uie  Worony  so  etlM  liiiviiig 
destroyed,  and  the  saod  was  daily  fSBUung  gfoimd*  T%i»  sand 
came  from  Maviestost  on  the  coast,  seven  imles  west  from  tte 
mouth  of  the  Find  horn,  where  from  time  immemorial  there  have 
hern  larjje  accumulations  of  sand.  It  appears,  however,  that  the 
catastrophe  of  Coubine  "was  occasionea  by  the  bad  practice  of 
pulling  bent  and  juniper,"  which  occasioned  an  act  of  the  Scottish 
Parliament,  dated  July  16,  1695,  for  the  preservation  of  land^  ad- 
jacent to  sand-hills.  The  cause  thus  assigned  as  the  origin  of  the 
devastation  of  Coubine,  suggests  an  obmus  Temedy,  in  the  plan* 
tation  of  vegelables  which  will  grow  In  a  sandy  soil,  sadi  as  tfam 
Jruntb  arenaria^  and  the  Efymut  wreaariut^  the  spieadiBg  fibrous 
roots  of  which  give  stabilUy  to  the  loose  snrfaoe** 

105.  Sands  and  firagwnts  of  sea-shells  are  someUmes  raised 
from  the  beach  to  very  considerable  heights  by  violent  winds,  as 
is  the  case  with  the  sands  of  Barry,  at  the  north  side  of  the 
estuary  of  the  Tay,  Scollaadf  where  hills  have  been  formed  by 
them  140  feet  high.f 

106.  Hurricanes,  from  their  extraordinary  force  and  violence 
productive  of  effects  farbevond  those  of  high  winds,  are  generally 
accompanied  by  storms  of  rain,  and  the  result  of  their  inflaencev 
therefore,  is  partly  owing  to  the  inpnlse  of  gusts  of  air,  and  parH^ 
to  that  of  floods  of  water.  **They  are  of  geological  impoflwwft/* 
■ays  Mr.  De  la  Beche,  ^*as  b^  the  sudden  application,  if  I  may  so 
express  myself,  of  a  furious  Wind  and  delnges  of  rain  tothemmse 
of  land,  very  considerable  changes  are  in  a  short  time  prodaced  on 
that  surface.":}:  The  velocity  of  the  wind  in  hurricanes  lias  lieen 
estimated  at  from  eighty  to  one  hundred  miles  an  hour. 

107.  The  hurricanes  that  occasionally  ravage  the  Antilles,  the 
Isles  of  France  and  Bourbon,  Siam,  China,  Japan,  and  other 
countries  between  and  near  the  tropics,  overthrow  solid  edifices, 
uproot  the  strongest  trees,  involve  animals  and  the  produce  of  the 
fields  in  one  commcm  rain,  and  swe^  to  a  distance  vast  masses  df 
solid  matter.  The  desolating  power  ot  hnrrioanee  may  be  estimatsd 
from  the  ensning  account  of  one  whtoh  visited  Gnadeumpe,  July  95» 
18S5.  Houses  firmly  bnilt  were  overturned ;  and  a  new  structure, 
erected  at  the  expense  of  the  government,  in  a  most  substantial 
manner,  was  mined.  The  force  and  rapidity  of  the  wind  was 
such  as  to  drive  tiles  through  the  thick  doors  of  warehouses.  A 
deal  plank,  about  39  inches  long,  9^  inches  wide,  and  -^^  of  an 
inch  thick,  was  carried  with  such  extraordinary  velocity  through  the 

How  is  the  motion  of  sand-hill'^  to  be  prevented  ? 
Of  what  importance  are  hurricanes  in  a  geological  point  of  view  t  How 
is  this  proved  f 

Deicribe  the  efiecti  observed  In  the  torntdo  of  Gnadatonpet 

*  See  Illustrations  of  Cuvier's  Theory  of  the  Earth,  by  Frof.  Jamc&QO. 

t  LyeU'B  Princip.  of  Geoi,  Vol,  i  StiL 
t  Geolog.  Man^  p.  149. 
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w,  that  it  passed  directly  through  the  trunk  of  a  palm-tree  17^'^ 
inches  in  diameter.  A  piece  of  wood  7^  inches  sq\iare,  and  £roin 
4  to  5  yards  in  length,  was  driven  by  the  wind  through  the  sur- 
face or  a  hard,  beaten,  and  frequented  road,  to  the  depth  of  about 
a  yard,  A  fine  iron  railing  before  the  government  house  was 
entirely  broken.  Three  pieces  of  cannon,  twenty-four  pounders, 
Vere  dismounted,  and  driven  against  the  breastwork  of  the  battery 
in  which  they  were  placed.  The  accaracy  of  this  statement  was 
▼eriSed  hj  Inqaisition  on  ike  spot,  by  General  Bandrandy  of  the 
French  entrineers.* 

108.  The  effect  of  air  in  modifying  the  snrface  of  the  earthy 
where  it  acts  independently,  is  chiefly  the  result  of  its  chemical 
properties  :  water  is  perhaps  the  most  efficient  as  a  mechanical 
agent.  The  influence  of  water,  like  that  of  air,  is  apparent  both 
as  a  destructive  and  as  a  formative  or  constructive  power ;  dis- 
solving or  wearing  away  solid  surfaces  in  one  situation,  and 
depositing  beds  of  transported  matter  in  anothen*  Indeed  these 
operations  nraat  almost  always  b#  sirndtaneons  or  snccessiye, 
the  detritus  of  rocks  and  of  organic  bodies,  removed  by  the  agency 
of  water  from  the  higher  parts  of  a  country,  serving  to  form  new 
tracts  of  landy  by  filling  up  lakes,  or  composing  deltas,  sandbanhl, 
m  islands  encroachinor  on  the  sea. 

109.  Mr.  De  la  Becne,  after  describing  the  manner  in  which  the 
»  disintegration  of  rocks  may  take  place,  owing  to  the  protracted 
'  action  of  atmospheric  moisture,  and  the  more  rapid  and  violent 
^  operation  of  streams  and  torrents  in  the  degradation  of  land,  says, 

This  destruction  of  the  surface  is  common  to  most  countries ; 
and  if  a  rock  so  weaUisrsd  be  limestone,  theie  is  not  nnfrequently 
a  reconsolidation  of  the  parts  by  means  of  calcareons  matter 
deposited  by  the  water  that  percolates  through  the  fragments,  and 
which  dissfdves  a  portion  oi  them.  At  Nice,  tiie  finctnred  smriboe 

'  -  -^-"'-^  ■ 

In  what  manner  does  air  produce  the  changes  on  the  earth's  surface? 
How  are  the  destrttciive  ttrocesses  of  air  and  of  water  sometimes  coun- 
terbalanced ? 

♦  Pouillet  Elena,  de  Phys.  Ex{>er.  et  de  Meteorol.,  torn.  ii.  pp.  717,7^8. 

A  most  destructive  tornado  passed  over  the  city  of  New  Brunswick, 
on  the  19th  of  June,  1839.  It  was  preceded  by  a  sultry  day,  with  a  very 
liigh  dew  point,  and  was  attended  with  some  lightning ;  but  the  thnnisr, 
if  any,  was  drowned  in  the  roar  of  the  tornado.  RaAers,  20  feet  long  and 
8  or  9  inches  wide  by  3  inches  thick,  were  carried  half  a  mile ;  a  lad,  nine 
years  old,  was  carried  one  quarter  of  a  mile  through  the  air ;  more  than 
100  bniidinps  were  either  demolished,  unroofed,  or  otherwise  injured.  The 
track  was  but  a  few  hundred  vards  in  breadth ;  and  the  editor  of  this 
work,  with  other  gentlemen,  who  visited  the  spot  on  the  day  followinpr, 
observed  that  trees,  grass,  buildings,  dzx;.  on  the  margin  of  the  track,  had 
been  nnUbmily  inclined  inwaid  toward  the  central  Um  of  the  path ;  a 
bam  on  one  margin  and  a  large  Btore-house  on  the  other,  were  raised  each 
from  its  ibundation  and  transported  bodily  some  feet  towards  that  line.  In 
the  forest  the  trees  Mk  immard  at  the  margin,  and  gradually  inclined 
mors  and  more  towards  the  point  lo  which  ttona  was  aoving,  as  thejr 
ware  aeanr  the  cantrsi*— £f • 
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thus  reunited  is  so  hard,  that  if  it  occar  on  a  line  of  road  iimnsl 
biMled  by  gunpowdef  for  veoMivii.  Tbm  m  Mme  fine  mm- 

«ni|^  of  this  vaeonsilUttioo  upon  the  Iteettonhills  of  JaiMiea; 
for  example,  near  Roek  Fcit,  and  at  the  clifie  to  the  eaetwaid 

of  the  Milk  Uiver'a  OMNIth. 

110.  **The  feldspar  contained  in  granite  is  often  easily  decom- 
posed, and  when  this  is  effected,  the  surface  frequently  presents  a 
quartzose  gravel,  D'Aubuisson  mentions,  that  in  a  hollow  way, 
which  had  been  only  six  years  blasted  through  granite,  the  rock 
was  entirely  decomposed  to  the  depth  of  three  inches.  He  also 
states,  that  the  granite  country  of  Auvergne,  the  Vivarais,  and 
the  eaetern  Pyrenees,  is  frequently  so  much  decomposed,  thai  tbe 
traTeller  may  imaerine  hifflseif  on  large  tracte  of  giaveK* 

^  Some  trap-rocKa,  from  the  pieaenee  of  the  aame  mineralyare  ao 
liable  to  deeompoaition,  that  there  is  frequently  mneh  difficulty  la 
obtaininijr  a  specimen.  The  depth  to  whieh  aoaae  roeka  of  this 
nature  are  disintegrated  in  Jamaica  is  often  very  considerable."t 

111.  'llie  powerful  effect  of  the  continued  action  of  running, 
water  on  compact  rock  appears  from  the  manner  in  which  the  river 
Simeto,  in  Sicily,  has  cut  through  a  bed  of  lava.  At  the  western 
base  of  Etna  a  great  current  of  lava  descending  from  near  the  sum- 
mit of  the  principal  volcano,  flowed  over  the  alluvial  plains  of 
Simetoi  the  largest  of  the  Sieiliatt  riTeni,  which  akirta  the  baae  of 
the  mottntaittt  aad  folia  into  the  aea  a  few  mllea  aooth  of  Catania. 
The  la?a  ealared  the  river  about  three  milea  above  the  town  of 
Aderno,  and  not  only  filled  its  channel  for  aome  distance,  bat 
flowing  to  the  opposite  side  of  the  valley,  accumulated  there  in  a 
rocky  mass.  The  eruption  is  supposed  to  have  taken  place  in 
1 603,  and  the  appearance  of  the  current  proves  that  it  is  of  modern 
date,  for  it  has  not  been  crossed  or  covered  by  any  other  stream 
of  volcanic  matter.  In  the  course,  therefore,  of  about  two  cen- 
tnriea,  the  Simeto  has  eroded  a  passage  from  hfiy  to  several  hun- 
drad  feet  wide,  and  in  aome  jiarta  mm  forty  to  fifty  feet  deep. 
The  maaa  of  laya  cut  through  ia  not  porona  or  aooriaeeona,  bat  a 
ooropact,  homogreneous,  hard  blue  rock ;  and  the  genend  deelivitf 
of  the  bed  of  £e  river  in  thia  place  is  not  very  considerable.^ 

112.  A  more  striking  example  of  the  detrition  of  solid  rocks  by 
flowing  water  is  exhibited  at  the  falls  of  Niagara.  At  these  falls 
**  the  water  is  divided  by  a  smallisland,  which  separates  the  river 
into  two  cataracts,  one  of  which  is  six  hundred  yards,  and  the 
other  three  hundred  and  hfty  yards  wide:  the  height  of  the  fall  ia 

What  remarkable  instances  of  the  eflbet  of  exposing  rock  tarhce  1o  the 
•ir  have  been  observed  ? 

What  striking  inttancM  can  be  cited  in  which  tbe  erosive  actioa  of  water 
has  taken  place  f  « 


*  Traits  de  G^gnoaie ;  ou,  Expoe^  des  Connaissances  actuelles  eur  la 
Constitution  Phyea4|ae  et  MinAFBle  da  Globe  Teifeetie,  torn.  i. 

T  Geolog.  Man.  p.  45. 

I  Icf^iVt  Principles  of  Geology,  vol.  i.  85&-^. 
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from  one  hundred  and  forty  to  one  hundred  and  sixty  feet.  It 
is  estimated  that  670,000  tons  of  water  are  dashed  every  minute 
with  inconceivable  force  against  the  bottom,  and  wearing"  down 
the  adjacent  rocks.  Since  the  banks  of  the  cataract  were  inhabited 
by  Europeans,  they  have  observed  that  it  is  progressively  shorten- 
ing the  distance  of  the  falls  from  Lake  Erie.  When  it  has  worn** 
down  the  intervening  calcareous  rocks,  the  upper  lake  will  become  < 
dry  land,  and  form  an  extensive  plain  or  valley,  surrounded  by 
rising  ground,  and  watered  by  a  river  or  smaller  lake,  which  will 
occupy  the  lowest  part.  In  this  plain  future  geologists  may  trace 
successive  strata  of  fresh-water  formation,  covering  the  subjacent 
ancient  limestone.  The  gradual  deposition  of  minute  earthy 
particles,  or  the  more  rapid  subsidence  of  mud  from  sudden 
inundations,  will  form  distinct  beds,  in  which  will  be  found  the 
remains  of  fresh-water  fish,  vegetables,  and  quadrupeds." 

113.  "  Prof.  Joseph  Henry,  in  a  topographical  sketch  of  the  state 
of  New  York,*  says,  *  The  descent  of  the  country  from  Lake  Erie 
to  Ontario,  is  principally  by  a  step,  not  at  the  falls,  but  at  Lewis 
Town,  several  miles  below.  In  viewing  the  position  of  the  falls, 
and  the  features  of  the  country  round,  it  is  impossible  not  to  be 
impressed  with  the  idea,  that  this  great  natural  race-xuay  has  been  > 
formed  by  the  continued  action  of  the  irresistible  current  of  the 
Niagara,  and  that  the  falls,  beginning  at  Lewis  Town,  have^ 
in  trie  course  of  ages,  worn  hack  the  rocky  strata  to  their  present 
site.  The  deep  chasm  through  which  the  Niagara  passes,  be- 
low the  falls,  is  nearly  a  mile  wide,  with  almost  perfect  mutual 
sides. 

114.  The  bed  of  the  river  below  the  falls  is  strewed  with  hngre 
fragments  of  rocks,  hurled  down  by  the  cataract.  The  retrogres- 
sion of  the  waterfall,  owing  to  the  destruction  of  the  surface  over 
which  it  takes  its  course,  is  said  to  have  amounted  to  nearly  fifty  ^ 
yards  during  the  last  forty  years.  If  the  excavation  always  pro- 
ceeded at  the  same  rate,  it  must  have  required  about  ten  thousand 
years  for  the  formation  of  the  whole  ravine  f  and  it  would  take  up  •  ♦ 
more  than  thirty  thousand  years  from  the  present  time  before  the 
channel  would  be  worn  backward  to  Lake  Erie,  a  distance  of 
twenty-five  miles. 

115.  The  power  of  running  water  in  removing  stones  and  heavy 
materials,  and  changing  the  face  of  a  country,  was  remarkably 
exemplified  in  the  effects  of  the  great  flood  which  happened  in 
August,  1829,  in  the  province  of  Moray,  and  adjoining  districts,  in 
Scotland.  The  storm  which  occurred  on  this  occasion  displayed 
all  the  characteristic  violence  of  a  tropical  hurricane.   The  inun- 


What  chnngo  is  now  taking  place  on  thoirock  at  Niagara  Falls 
What  is  ihe  nature  of  ihe  channel  of  the  Niagara? 
At  what  |X)int  did  the  fall  first  exist  7 

What  known  changes  have  taken  place  in  the  position  of  those  Falls? 


♦  Transactions  of  the  Albany  Institute,  vol.  i. 

2  F  . 


Digitized  by  Googl 


OKOLOGY* 


dating  ivmn  wert  tiM  Nairne,  Hi*  fWlKHni,  and  8peT,  with 
dMif  BOMioiis  ttitotelM*  All  tke  low  ist^mung  laate  wmm 
wnnAf  aad  the  Mdges  and  boUdioMi  aloHf  tke  baaks  wm  in 
feiiml  swepl  Bwmy«  The  plaio  of  Torres  was  immdatad  to  aa 

ateht  of  iwenty  aipnia  milast  and  the  destraetton  every  where 

flpreat.  On  the  Nairne  a  fragment  of  sandstone  rock,  fourteen  feet 
jonti,  three  feet  wide,  and  one  thick,  was  carried  more  than  two  hun- 
dred yards  down  the  river.  Some  new  ravines  were  scooped  out  on 
llie  sides  of  the  mountains,  where  no  streams  had  previously 
flowed,  and  ancient  river  channels,  which  had  never  been  filled 
from  lime  immemorial,  gave  passaffo  to  copious  floods. 

116*  Sir  Thomas  IHok  Laader,  whopohhsbedaaMialmof  thia  . 
ooeaifenoet  has  giTea  the  followin|[  animated  datcriptioii  of  Hbm  ' 
daVaatation  wfaien  took  place  ia  hia  own  oraaoMoted  dSBoaiB: 
**Wa  were  roased  while  at  dinner  hy  the  account  the  aanraala 
gave  us  of  the  swollen  state  of  the  rivers ;  and  in  defiance  of  the 
weather,  the  whole  party  sallied  forth.  We  took  our  w?.y  throug^h 
the  TT-ardrn,  towards  the  favourite  Mill  Island.  The  magnificent 
trees  on  that  island  were  overthrown  taster  and  faster,  offering  no 
more  resistance  to  their  triumpliant  enemy  than  reeds  before  the 
mower's  scythe.  Each  one  as  it  fell  gave  one  enormous  splash 
on  the  surface,  then  a  plunge ;  the  root  appeared  above  water  for 
a monant;  and  then  ilproae  Uia  stein,  disbianohad  and  peeled ; 
alto  whieh,  th«[f  either  rolled  roaad  ia  the  caldron,  or  darted  lika 
arrows  down  the.  stream.  Besides  the  loss  of  the  Mill  Islasd, 
-  which  I  had  lotted  for,  the  baanttfnl  hanging  bank,  coversd  witil 
roajesiic  forest  and  ornamental  trees  of  all  Mads,  and  of  growth  as 
fresh  and  vig-orons,  had  vanished  like  the  scenery  of  a  dream ;  and 
in  its  place  was  the  garden  hedge,  running  for  between  two  and 
three  hundred  yards  along  the  brink  of  a  red  alluvial  perpendicular 
precipice,  fifty  feet  high,  with  the  broad,  remorseless  flood  rolling 
at  its  base,  eating  into  its  foundation,  and  every  successive  minute 
bringing  down  masses  of  manv  cubic  yards.  And  then,  from  time 
to  time,  some  tall  ana  gfaoalbl  tree,  on  the  brink  «%f  tiie  fraotored 
portions  of  the  bank  at  either  end,  wonld  ^^n^j^'^aad  magniflMnUy 
bend  ita  head,  and  lanndi  into  the  foamii^  waves  haiow.  Tha 
whola  scene  had  an  air  of  unreality  abont'it  that  bewildered  tha 
senses*  It  was  like  some  of  those  wild  melodramatic  exhibitions, 
where  nature's  operations  are  out-heroded  by  the  mechanist  of  a 
theatre,  and  where  mountains  are  thrown  down  by  artificial 
storms."* 

117.  A  brid^  of  granite  over  the  Dee,  at  Ballatu,  consisting  of 
five  arches,  with  a  water-way  of  260  feet,  which  had  stood  firm 
for  twenty  years,  was  destroyed  and  swept  away  by  the  torrent, 

What  remarkable  effect  of  fiooda  has  been  witnessed  in  Scotland  f 
Wbat  acoount  has  Lauder  given  of  that  oceuiranoe  f 


*  An  Account  of  the  Great  Floods  of  August,  1899,  in  the  Pkovinee  of 
oray,  by  £ur  T.  D.  Lauder,  Bart^  183a 
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the  whole  mass  of  the  m^isonry  having  disappeared  in  the  bed  of  • 
tlie  river.  The  river  D6n,"  says  Mr.  Fartjuliarson,  in  his  account 
oi  this  catastrophe,  "  has,  upon  my  own  prtiuiscs,  forced  a  mass 
of  four  or  five  hundred  tons  of  stones,  many  of  them  two  or  three 
huodred  pounds  weight,  up  an  inclined  plane,  rising  six  feel  in 
eight  or  ten  yards*  ami  left  them  in  a  leelangular  he&p«  abont  three  ' 
feet  deep,  on  a  flat  gionnd;  the  heap  ends  abruptly  at  its  lower 
extremity."* 

118.  Animals,  as  well  as  trees  and  the  produce  of  the  fields, 
were  involved  in  the  general  ruin  caused  by  the  flood,  the  effects 
of  which  at  the  mouth  of  the  river  Spey  are  thus  described  :  P'or 
several  miles  along"  the  beach,  crowds  were  employed  in  endea-  ' 
vouring  to  save  the  wood  and  other  wreck  with  which  the  heavy 
rolling  tide  was  loaded  ;  whilst  the  margin  of  the  sea  was  strewed 
with  the  carcasses  of  domestic  animals,  and  with  milUens  of  dead 
hares  and  rabbits.  Thonaanda  of  living  frogs  also,  swept  from  the 
lieldsy  no  one  can  aay  how  far  off*  were  obswred  leaping  among  the 
wreck/' t 

119*  it  has  been  remarked,  that  the  transporting  effect  of  water 
Ir  vastly  augrmented  by  the  relative  diminution  of  specific  gravity 
in  bodies  more  or  less  immersed  in  that  fluid and  when  ice  ' 
adheres  to  detached  rocks,  the  joint  masses  become  really  lighter 
than  the  stony  substances  would  be  separately.  Hence  we  may 
in  some  measure  account  for  the  distribution  of  large  blocks  of 
granite  over  the  surface  of  several  parts  of  Europe,  at  great 
distances  from  the  primitive  rocks  whence  they  appear  to  have 
beenderived« 

120.  The  phenoBe^a  eaoaed  -by  floods,  debaelee,  and  torrenta, 
maaifeating  the  sudden  efKbct  of  powerful  impetus,  imposing  aa 
they  are,  cannot  have  contribnted  so  extensively  to  the  production 
of  the  changes  apparent  on  the  surface' of  the  earth,  as  the  alow 

bat  indefinitely  protracted  operation  of  running  water  more  or  less 
loaded  with  silt  and  sand,  and  conveying  it  from  higher  to  lower 
levels,  to  extend  the  limits  of  old  continents,  or  form  the  founda- 
tions of  new  ones.  Professor  Robinson,  in  an  article  on  "  Rivers," 
in  the  Encyclopaedia  Britannica,  has  furnished  some  estimates  of 
the  effects  of  flowing  water,  whence  it  appears  that  a  velocity  of 
ttoe  inehea  per  second  at  the  bottom  will  just  begin  to  act  upon 
ine  day  in  a  firm  state,  and  tear  it  up :  a  vdodty  of  six  indiea 

What  evidence  ii  allbided,  by  the  flood  of  1829,  that  rocks  and  bouldera 
may  in  oth*  r  partfl  of  the  earth  have  been  dislodged  apd  wom  by  water  f 

VViiat  elfeot  had  that  flood  upon  animals? 

In  what  manner  may  blocks  ul  granite  have  been  transported  from  place 
to  place  on  or  near  the  surface  of  water? 

By  what  mnnns,  bcf^ide!^  by  floods  and  tomiits,  does  water  opeiate  to 
change  the  suriiBkce  of  the  earth  ? 

*  Account  of  the  Flood,  by  the  Rev.  James  Faiqi2hamn»  in  QnsitSliy 
Journal  of  Science,  New  Series,  No.  liL  pw  331. 
t  Sir  T.  D.  Lauder's  Account,  p.  313. 
t  See  Scientifle  Clam  B0ok»  part  L  pp.  18D  and  100. 
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will  lift  fine  sand,  that  of  eight  inches  will  raise  sand  as  coarse  as 
linseed,  twelve  inches  will  sweep  away  fine  gravel,  twenty-four 
inches  will  idII  along  rounded  |>ebbles  an  ioeh  bk  diameter ;  Mid 
it  lequiiea  a  veloelty  of  three  feet  per  aeeoad  to  sweep  along 
•MTery  anflrnlar  atones  of  the  siae  of  an  egg. 

121.  Whatever  matters  may  be  taken  np  hy  flowing  water  will 
be  again  deposited  as  soon  as  the  velocity  of  the  stream  become 
inferior  to  that  which  oHiised  their  removal ;  so  that  only  the  finer 
particles  of  dotritus  will  in  jreneral  be  carried  into  the  sea.  'I'he 
distance  to  which  rivi  r-water,  loaded  with  such  particles,  would 
flow  over  sea-water,  must  drpond  on  a  variety  of  obvious  cirounn- 
stances.  Captain  Sabine  found  discoloured  water,  supposed  to  be 
that  of  the  Amazons,  300  miles  distant  in  the  ocean  from  the  eni- 
boadmie  of  that  river.  It  was  abont  136  feet  deep.  Its  specific 
grayi^  was  sbb  1,0904,  and  the  specific  gravity  of  the  sea-water  ss 
1.0363.  This  appears  to  be  the  greatest  distance  from  land  at 
which  river-water  has  been  detectea  on  tlie  sur&ce  of  the  ocean.* 

133.  The  quantity  of  detrital  matter  conveyed  by  the  rivers  to 
the  sea  must  he  greatly  infltirnced  by  the  nature  of  the  countries 
through  which  they  take  their  course.  The  Hoang-ho,  or  \ellow 
river  of  China,  flows  throu<jh  alluvial  tracts,  and  the  quantities 
of  mud  and  earth  carried  down  hy  its  current  gives  the  water  the 
appearance  of  diluted  clay.  According  to  Mr.  Barrow,  it  pours 
into  the  sea  every  hour  2000  feet  of  solid  earth,  sufficient  in  seventy 
days,  if  accumulated  on  one  spot,  to  fonn  an  island  a  mile 
in  ciienmferenoe ;  and  it  has  been  obsenred,  that  a  sensible  di- 
minution t^es  place  in  the  depth  of  the  YeUow  sea,  into  which 
the  tnrbid  river  discharges  itself.  The  addition  of  lands  that  have 
been  made  in  the  Netherlands,  along  the  shores  of  the  North  sea; 
in  Italy,  on  the  borders  of  the  Adriatic;!  and  in  Eg-ypt,  at  the 
mouth  of  the  Nile  ;  together  with  many  other  phenomena  of  a 
similar  nature  have  been  noticed  by  historians  and  geologists. :j: 

123.  The  alluvial  matter  conveyed  to  the  sea  by  great  rivers 
may  not  only  produce  deltas  or  additions  of  land  to  the  coast,  but 
also  give  rise  to  insular  formations.  This  has  taken  place  at  the 
mouth  of  ike  Ganges,  which  during  the  fiood  season  pours  into 
the  gulf  such  a  quantity  of  mud  and  sand,  that  the  sea  only  recovera 
its  transparency  at  the  distance  of  sixty  miles  from  Uie  shore. 
Hence  an  island  has  arisen -opposite  the  mouth  of  the  Hoogly 

Mention  tho  velocities  which  have  been  fbund  adequate  to  wear  away 

the  bottoms  of  rivors  of  different  nintcrinls? 

How  docs  it  appear  that  the  features  of  a  country  may  be  changed  by 
alluvial  deposits? 


*  De  la  Beche*s  Geol.  Researches,  p.  72. 

t  Aoeoiding  to  Strabo,  Ravenna,  in  the  time  of  Augustas*  stood  among 
lagunefl,  ns  Venice  does  now,  and  at  present  the  ibrmer  city  is  a  league 

distant  from  the  shore. 

J  See  Ciivier's  Theory  of  die  £artb,  pp.  18^192.  Also  Transactaeni 
of  the  BriiiA  Aasoeiatmi  at  EdinbuiK*  Ui  1984* 


Digitized  by  Google 


FORMATION  OF  VALLIES. 


841 


rim,  (oneof  thebraiidieaof  the  Ganges,)  and  immediately  south 
of  Sau^ur  island,  four  miles  from  the  nearest  land  6f  the  della* 

It  is  said  to  have  been  discovered  in  1816,  toorether  with  the  canal 
dividinop  it  from  Sauorur.  It  is  Situated  21°  35'  N.  latitude,  and 
88°  20'  K.  longitude,  ircm  Greenwich ;  its  position  agreeing  with 
that  assigned  to  the  bank  of  Saugur.  A  lighthouse  has  been 
erected  on  this  spot,  which  is  named  Edmonston  island.  For 
many  years  it  has  been  covered  with  shrubs  and  herbage ;  but  the 
whole  surface  was  inundated  for  some  hours  during  the  flood  in 
May,  1833,  the  light-keepers  having  escaped  defttanietioii  hj  as- 
cending into  the  lantern.  Its  dimenaioiis  before  Ibat  time  were 
stated  to  be  two  miles  from  east  to  west,  and  half  a  mile  fion 
north  to  soath ;  but  it  was  reduced  in  size  by  the  inondatioiif  and 
must  have  since  been  enlargred."* 

124.  Dr.  Hulton  ascribed  the  formntion  of  valleys  on  the  surface 
of  the  earth  to  the  erosive  action  of  rivers,  as  a  general  cause  ;f 
and  though  the  more  extensive  observations  of  subsequent  in- 
quirers render  his  conclusions  questionable,  there  can  be  no  doubt 
but  in  some  situations  valleys  may  be  thus  produced.  The  ef- 
fect of  ilowinj;  w^ter  must  depend  on  its  raoidity  and  consequent 
impetus ;  and  nenee  eompaet  loeks  occasionally  have  their  svxmesa 
ploughed  with  gnllies  and  Hollows  by  the  power  of  monntaia 
streams  Dr.  Bigelow,  in  describing  the  White  mountdns  of  New 
Hampshire,  says:  In  several  places  a  broad  continued  stripe  de- 
scended the  mountains,  having  the  appearance  of  a  regularroad  cut 
through  the  trees  and  roeks  from  near  the  base  to  the  summit.  On 
examining  these  with  a  telescope,  they  were  found  to  be  channels 
of  streams,  and  in  seyeral  places  the  water  could  be  seen  dashing 
down  the  rocks. 

125.  "In  a  plain  near  the  base  of  the  mountains  was  a  pond  of 
one  or  two  acres,  situated  near  the  road,  and  which  having  no 
other  inlet  or  outlet,  appeared  to  be  the  prindpal  source  of  the 
Saco  riven  The  waters  of  this  stream,.  beiD|f  coUeeted  frm 
several  soorces,  proceed  directly  towards  the  side  of  the  moaop 
tain.  At  the  point  where,  to  all  appearance,  they  must  be  inter* 
cepted  in  their  course,  there  occurs  one  of  the  most  extraordinary 
features  of  the  ])lace,  well  known  by  the  name  of  *  the  Notch.' 
The  whole  mountain,  which  otherwise  forms  a  continued  range, 
is  here  cloven  quite  down  to  its  base,  affording  a  free  opening  to 
the  waters  of  the  Saco,  which  pass  off  with  a  gradual  descent 
towards  the  sea.  This  gap  is  so  narrow  that  space  has  with 
difficulty  been  obtained  for  the  road,  which  follows  the  course  of 
the  Saco  through  the  Notch  to  the  eastward.    In  one  place  the 

How  is  this  illustrated  in  China  7 — in  Hindostan  ? 

To  what  4id  Button  attribolt  die  formation  of  valleys? 

In  what  manner  is  the  eflbct  of  water  prodooed  in  mountain  lonsiifsf 

Describe  the  effoct  of  torrRnts  on  the  White  mountains  ^ 


•  Monthly  Magazine— Ljrell'a  Prin.  of  GeoL  vol.  I.  f>  dU. 
t  See  De  Luc's  Elementary  Treatise  on  Qeology»  tSUHleled  fima  Ihe 
Fkeneh,  by  the  Aev.  H.  0e  la  Fite.  1809.  p,  99L 
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fiver  dbappeart*  belog  loti  in  the  caTes  and  mTiees  of  the  roekBf 
Mid  under  the  shelyes  of  the  adjoining  precipice,  reappearing  at 
lasffth  at  the  distance  of  aome  rods  below.  The  Notch  ^rradnally 
widens  into  a  long  narrow  valley."*  It  appears  that  the  upper 
p^irt  of  the  rock  was  gneiss  and  granite;  and  near  the  Notch* 
chieHy  course  rt^tldibh  jasper,  and  phorphyry.f 

126.  The  manifest  etiect  of  lakes  must,  in  general,  be  formative, 
rather  than  destructive,  contributing  to  the  production  of  new 
strata,  by  moderating  the  influence  of  ranning  water,  and  famish- 
inji  ear itiet  for  the  depoeit  of  detrital  matter.  Bat  the  borating 
or  the  banka  by  whien  lakea  are  reatrained  may  oocaaion  inan*- 
dattons  and  deraelea,  oanaing  important  modifictttaona  of  the  aur- 
lace  of  a  country. 

1*27.  Such  would  take  place,  as  alrei^  ly  remarked,  if  lake  Erie 
was  to  have  its  outlet  cut  backwards  to  its  border  from  the  falls 
of  Niagara  ;%  and  if  this  work  of  apres  were  completed,  the  valley 
which  now  constitutes  the  basin  of  the  lake  would  be  traversed 
by  a  large  river.§  The  operations  of  nature,  however,  are  gene- 
rally gradual;  and  a  concurrence  of  circumstances  would  be 
requisite  to  cause  the  sudden  evacuation  of  tlie  contents  of  a 
large  lake* 

1S8.  A  remarkable  aeetdent  of  thia  kind  took  place  in  1818,  in 

consequence  of  the  bursting  of  a  lake  formed  in  the  valley  of 
Bagned,  in  the  Vallaia.  Tiiut  valley,  situated  five  leagues  from 
St*  tflanchier,  is  very  nanowiat  one  end,  where  a  ravine ia  formed 

by  mont  Mauvoisin  on  the  south  side,  and  raont  Pleureur  on  the 
north  ;  the  latter,  which  is  the  highest,  presenting  a  rocky  sur- 
face above  500  feet  in  altitude,  capped  by  the  immense  trlacier  of 
Chedroz.  Larire  blocks  of  ice  often  falling  from  these  heights  accu- 
mulate continually  in  the  valley,  through  vvtiich  passes  the  river 
Drance,  fed  by  the  waters  of  more  distant  glaciers.  The  stream 
had  formed  for  itaelf  a  bed  under  the  mass  of  iee  and  anew ;  bat 
in  the  winter  of  1818,  the  glaeier,  which  had  been  gradually  in« 
creasing,  dammed  up  entirely  the  passage  by  which  the  river 
made  ita  exit.  The  watera  were  thua  retained  within  the  valley, 
fcfrmiog  an  immense  lake,  confined  on  one  side  only  by  the  wail 
of  iee.  On  the  l  iih  of  May  the  lake  was  7200  feet  or  a  mile  and 
one-third  in  length,  and  (530  feet  in  breadth,  its  greatest  depth  being 
120,   The  government  of  the  canton  of  Vallais,  to  prevent  as  far 

•  What  kind  of  rock  cx>n8tilutes  the  upper  i^art  of  the  White  mountain? 
How  may  violent  effecta  of  weter  be  eeen  to  take  place  on  the  romoval 

of  its  barriers  ? 

What  example  of  this  kind  happened  in  the  valley  of  Bagnes  I 

*  Abstract  of  an  Account  nf  tfte  White  Jifmintemcr  By  Jacob  Bigelow, 
M.  D. — Branile's  Journal  of  £icience,  voL  ii.  p. 

t  Idem.  p.  397. 

t  In  1831,  we  happened  to  be  present  at  the  FhUh  of  Niagara,  and  M 
witness  the  dcsceotof  a  larfo  mass  of  reek  from  beneath  die  ehelving  cliiT 
whirh  visifPrs  pnns  to  arrive  beneath  the  sheet  of  water.— £d. 
5  See      itt  JUccJUe  8  Ueolo^.  Man.  pp.  5U~-61. 
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IS  possible  the  ravages  to  be  apprehended  from  a  sodden  intinda-  * 

ttOD,  had  an  artificial  gallery  700  feet  in  lengthy  cut  through  the 
ice,  50  feet  below  the  level  of  the  lake.  This  was  completed  in 
time  to  carry  off  a  lar^e  portion  of  the  water,  reducinjr  it  from 
about  800,000,000  to  530,000,000  cubic  feet.  But  on  the  approach 
of  the  hot  season,  the  central  part  of  the  remaining  wall  of  ice 
gave  way,  with  a  tremendous  crash,  and  the  lake  was  emptied  in 
half  an  hour,  the  flood  sweeping  away  trees  houses,  bridges,  and 
large  masses  of  rock,  some  of  wlileh  were  of  enormous  size.  It 
desolated  the  plains  of  Martigny,  and  afterwards  passed  on  witii 
diminishing  Telocity  till  it  entered  the  Rhone,  on  whose  current 
the  bodies  of  some  men  who  had  been  drowned  were  carried 
a  distance  of  about  thirty  miles,  to  the  further  side  of  the  lake  of 
Geneva,  near  Vevay. 

1*29.  In  1595,  an  inundation  took  place  in  the  valley  of  Bagnes, 
owing  to  precisely  the  same  cause  with  that  of  1816,  it  destroyed 
the  villages  situated  on  the  banks  of  the  Draoce,  and  carried  away 
a  great  part  of  the  town  of  Martigny.* 

130.  when  deposits  take  place  of  sand  and  other  substances, 
transported  by  risers  into  tiie  basins  of  lakes,  the  efiects  will  be 
analogous  to  those  before  noticed,  as  resulting  from  depositions 
on  the  bed  of  the  sea.  Islands  in  general  will  first  appear  above 
the  surface  of  the  water,  which  uniting  with  eacfa  .o&er,  and  then 
with  the  land  constituting  the  banks  of  the  lake,  must  at  length 
produce  a  level  tract,  intersected  by  the  stream  to  whose  action  it 
owed  its  origin.  Such  formations  must  in  most  instances  be  gra- 
dual and  protracted  ;  hut  indications  of  their  progress  have  ixe- 
quently  been  observed. 

131.  De  Saussure,  in  his  Travels  among  the  Alps,"  mentions 
having  obtained  several  very  fine  views  of  the  lake  of  Neufchatel. 

We  were  struck,*'  says  he,  *^npon  first  beholding  it,  with  tbs 
great  extent  which  it  must  formerly  have  had :  for  the  spadons, 
marshy,  and  horizontal  meadows  by  which  it  is  bounded  on  the 
sooth  west,  have  nnquestionahly  been  at  some  period  coverodr  by 

What  eflect  resulted  from  the  discharge  ol"  the  water  from  that  valley  ? 

What  previous  occurrence  of  the  same  kind  is  recorded  as  having  liap- 
peiied  at  the  same  place  ? 

What  IS  the  natural  eflfect  of  the  fiowing  of  fltreams  into  lakeB  or  inland 
■cas  ? 

Whnl  observation  did  Saussure  make  on  the  extent  of  Neufchatel  lake? 

*  Brande's  Journal  of  Science,  vol.  V.  pp.  37)^-^74 ;  and  Edinbi  Philoi. 
Joum.,  vol.  i.  p.  187,  &c. 

Mr.  BakeweiU  in  noticing  the  catastroplie  of  1818,  says:  "  From  the  quan- 
tity of  mud  and  itones  which  the  current  bore  along,  it  resembled  a  moving 

mass  of  stones  and  earth.  An  Hnfjlish  gentleman,  who  was  descending 
l^c  valley  at  the  time,  observed  his  horse  exhibit  by  his  motions  great  tre- 
pidation, of  which  he  could  not  discover  the  cause,  until  a  loud  rushing 
noise  occasioned  him  to  look  back,  when  he  beheld  what  appeared  like  a 
wall,  filling  up  the  bottom  of  the  volley,  and  ndvancing  rapidly  towards 
him.  He  nuiitantly  alighted,  and  scrambled  up  ihe  aiyacent  rocks,  leaviog 
his  horse  to  hi«  fate."— Jfilrod.  to  Geo^,  p.  50&  , 
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its  wslsrt.  We  shall  have  occasion  to  make  the  same  remark 
witli  rsspcclto  the  other  bank  of  the  lake.''*    The  aUnvial  land 

here  mentioned,  according  to  De  Luc,  still  increases,  but  now 
very  slowly  ;  the  first  deposits,  on  the  contrary,  accumulated 
rapidly  frorn  the  abundance  of  debris  cnrountered  by  the  waters 
originally,  when  likewise  their  courses  were  less  tortuous  than  at 
present.f 

132.  The  higher  part  of  the  luke  of  Corao  is  nearly  filled  up 
by  the  detritus  transported  by  the  Adda  and  Mera.^  -Tlie  fi^imer 
Was  divided  the  lake  into  two ;  the  smaller  portion  (known  br  the 
name  dT  lafo  di  ftfesola)  bsing  so  shallow,  from  the  united  de- 
posit of  the  two  rivers  and  some  torrents,  that  aquatic  plants  grow 
through  the  water  on  the  eastern  part ;  while  on  the  western,  in 
which  there  is  a  orreater  depth,  the  process  of  filling-  up  is  hasten- 
ed by  means  of  stones,  detached  in  such  numbers,  in  particular 
seasons  of  the  year,  from  the  heights  on  that  side,  that  a  passage 
in  a  boat  beneath  the  cliffs  becomes  exceedingly  hazardous."§ 

133.  The  accumulation  of  solid  matter  in  the  basins  of  lakes, 
and  the  gradual  transformation  of  lakes  into  rivers,  are  well  de- 
scribed by  Professor  Plsyfair,  and  exemplified  in  the  progressive 
efaann^es  observable  in  tiie  lakes  of  Westmoreland  and  CombeK)- 
laad.l  Bat  it  is  unnecessary  to  multiply  instances  of  soch  pheao* 
mena,  the  nature  of  which  may  be  sufficiently  underatood  from 
the  details  already  given. 

134.  The  destructive  effoot  of  water  in  the  degradation  of  the 
surface  of  the  earth,  is  obvious  in  the  occurrence  of  those  phe- 
nomena called  landslips.  Accidents  of  this  sort  may  be  produced 
by  the  woirrht  of  quantities  of  water  percolating  througn  porous 
strata,  and  collecting  in  communicating  cavities  at  various  depths, 
in  cons^uence  of  which  thick  masses  of  rock,  may  be  disrupted 
hr  the  ^Toe  of  hydrostatic  pressure.^  Water  also  may  find  its 
way  to  beds  of  argillaeeons  or  calcareous  earth,  between  rooks 
eomposed  of  denser  matter,  highly  inclined,  and  producing  die- 
integration  of  the  connecting  strata,  the  saperincumbent  masses 
may  fall  by  their  own  weight.  Circumstances  of  this  kind  have 
repeatedly  occurred  in  difTerent  parts  of  the  Alps. 

135.  In  1248,  a  portion  of  moot  Grenier,  south  of  Chamery,  in 

^Vhat  evidence  docs  hke  Cono  Ihmish  of  a  change  of  eiteni  fitom  de- 
trition of  river  banks  ? 

Into  what  are  lakes  converted  when  their  basins  have  become  choked 
np  with  detritua  and  other  alluvial  matter  ? 

How  are  landsiipi  pradoced  f 

In  what  manner  may  water  assist  in  producing  them  ? 

*  Vnya^ea  dans  let  Alpas,  aect  990. 

t  Treatise  on  Geology,  p.  160. 

t  See  Sections  and  Viewa  illustrative  of  Geological  Phenomena,  bv  Mr. 
De  la  Beche,  pi.  31.         '  . 
f  Do  la  Beche's  Oeel.  Mann  p.  5a 

11  See  lUintimtMQs  of  ifae  Hmtonian  Theoiy  of  the  Earthy  Edinb^  ISDfiL 
t  See  Scieatillc  Class  Book,  part  i.,  p.  133.  {Hydr.  No.  32.) 
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Savoy,  fell,  and  buried  five  parishes,  including  the  town  and 
church  of  St.  Andrew,  llie  ruins  covering  the  space  of  about  nine 
square  miles,  called  lea  Abymet  de  Mjiansf  which,  notwithstand- 
ing the  lapse  of  so  long  a  period,  still  exhibits  a  singular  scene 
of  desolation.*  Plenrs,  a  considerable  town  in  the  Gnsons,  with 
the  neighbouring  village  of  Schelano,  was  thus  destroydd,  August 
26,  1618.  On  that  day  an  inhabitant  entered  the  town,  and  told 
his  neighbours  that  he  had  seen  the  mountains  cleaving;  but  he 
was  only  laughed  at  for  his  information.  However,  in  the  even- 
ing, the  town  and  all  its  inhabitants,  except  this  person,  were 
overwhehned  by  the  fall  of  a  vast  mass  of  rock  fruin  the  south 
side  of  the  niouiitain  of  Corto,  which  had  been  loosened  by  per- 
colated water. 

136.  A  part  of  the  mountain  near  Senroz,  on  the  road  to  Ch»* 
monni,  fell  down  In  17&1.  The  descent  of  the  mass  did  not  take 
place  in  this  case  at  oncQ,  as  happened  at  mont  Grenier;  for  the 
monntain,  consist!  iht  of  a  succession  of  beds  of  limestone  resting 
on  sandstone  and  extremely  fragile  schist,  gave  way  by  degrees* 
For  many  days  a  succession  of  reports,  like  those  of  cannon, 
announced  the  continual  falling  of  the  rocks,  day  and  night;  and 
the  air  was  filled  with  vast  volumes  of  black  dust,  extending 
twenty  miles.  The  rocks  still  appear  to  be  subject  to  the  con- 
stant action  of  rain ;  and  in  1821  Mr.  Bakewell  noticed  appearances 
indicating  the  probability  of  a  renewal  of  the  catastrophe  of  1751. 

137*  fhree  villages,  witli  the  inhabitants,  were  entirely  de» 
stroyed  in  1773,  when  the  monntain  of  Pits  fell,  in  the  district  of 
Treviso,  in  the  Venetian  territory. f  The  fall  of  the  mountain 
called  Rossberg  or  Ruffiberg,  in  Switzerland,  took  place  Septem- 
ber 2,  1806.  It  is  5196  feet  above  the  level  of  the  sea,  and  is 
situated  opposite  to  mont  Righi.  At  five  in  the  evening,  the 
Knippenbuhl  rock,  which  formed  the  summit  of  the  mountain, 
was  on  a  sudden  detached  from  its  station,  carrying  with  it  part 
of  the  mountain  a  few  feet  in  thickness  on  the  western  side,  and 
about  280  feet  on  the  eastern  side,  which  rolling  into  the  valley 
that  separates  the  lake  of  Zug  from  that  of  Lanwertz,  omwhelmed 
the  entire  Tillages  of  Goldan,  Rothen,  Bnsingen,  Huezlochf  and 
three-fourths  of  that  of  Lauwerta*  The  fall  of  a  portion  of  the 
mountain  into  the  lake  of  Lauwertz,  filled  up  about  one-fourth 
part  of  it»  and  caused  such  an  inundation  as  oTcrthrew  a  number 

What  appearance  is  now  presented  where  the'lall  of  numt  Grenier  look 

place  ? 

What  other  similar  occurrences  have  taken  place  among  the  Alps  ? 
How  did  the  fall  of  Chamouni  dtfier  from  otnen  in  the  same  legienf 

To  what  18  the  difference  attributed  ? 

What  peculiar  circumstances  accompanied  the  iall  of  the  Roiebeigf 


*  See  Bakewell's  Introdaction  to  Geology,  SUUman's  edition,  page  3I5» 
where  the  aecoonf  of  .the  &U  of  mont  Grenier  u  illiutrated  by  a  cut,  re- 
presenting the  present  elate  of  the  Abymes  de  Mjrana. 

t  Malte  Brun'e  Gaogiaphy,  Tot  i.  p.  435. 


Digitized  by  Google 


846 


6K0L00V* 


of  koiiMSy  chapelsi  millt*  aid  otker  buildings,  jon  the  sovUimi 
shine  of  the  lake.  Enormotts  masses  of  loclr  are  ssid  to  have 
been  carried  throagfa  the  air  to  prodi^rioas  distances.  The*  rocks 
in  falling  brought  down  great  quantities  of  earth,  together  with 
large  blocks  of  ilint,  which  were  thrown  on  the  opposite  bank  of 
the  lake,  to  the  height  of  from  80  to  100  feet. 

133.  Ill  the  villages  overwhelmed  not  an  individual  escaped  de- 
struction ;  and  eight  or  nine  hundred  persons  tell  the  victims  of  this 
disaster.  The  structure  of  the  Rossberg  sulliciently  accounts  for 
the  occurrence,  which  General  Pfiffer  is  reported  to  have  predicted 
twenty  years  previously.  Its  upper  part  is  composed  of  beds, 
of  a  compoond  rock,  formed  from  the  debiis  of  the  Alps  at  an 
antecedent  geological  period;  and  these  being  porovs,  admitted 
the  peroolation  of  water  arising  from  run  «id  melted  ice  and 
snow,  which  softening  the  clay  between  the  more  solid  strata, 
iscliiisd  at  an  angle  of  about  45°,  a  slide  took  place,  and  thej 
were  precipitated  into  the  valley  below.* 

139.  A  large  portion  of  mountain  consisting  of  rocks  and  soil, 
covered  with  fir-trees,  separated  from  the  highest  region  of  the 
Alps,  on  the  4th  of  April,  1818,  near  the  village  of  Soncebos,  in 
the  valley  of  St.  Imier,  in  Switzerland,  and  covered  with  its  stu- 
pendous wreck  more  than  three  hundred  paces  of  the  great  road 
te  Brienne*  A  party  of  travellera  witnessed  this  terrifie  catastro- 
phe who,  had  tkey  been  a  few  moments  later,  would  haTe  been 
Its  TOtims.f 

140.  Partial  alterations  of  tlie  surface  of  a  country  may  be 
produced  by  deluges  of  mud,  owing  to  the  bursting  of  peaU 

mosses  and  bogs.  In  December,  1772,  Solway  moss  having  neen 
filled  with  water  during  heavy  rains,  rose  to  an  unusual  height 
and  then  burst.  A  stream  of  black  thick  mud  flowed  over  the 
plain,  like  a  current  of  lava ;  overwhelming  some  cottages,  and  co- 
vering 400  acres  of  land  ;  but  fortunately  without  occasioning  the 
loss  of  human  life.  The  highest  parts  of  the  original  moss  sub- 
sided about  twenty-fiTO  feet,  and  the  lowest  part  of  the  oouatiy 
submerged  was  full  fifteen  feet  deep.:^ 

141.  A  similar  phenomenon  occurred  more  recently  on  the  con* 
fines  of  Yorkshire  and  Lancashire,  England*  On  the  2d  of  Sep- 
tember, 1834,  at  Haworth,  five  miles  south  of  Keighley,  in  the 
West  Riding  of  the  county  of  York,  and  on  the  borders  of  Lan- 
cashire, about  six  o'clock  in  the  evening,  a  part  of  the  hicrhlands 
on  the  Stanbury  moor  opened  into  a  chasm,  and  sunk  to  the  depth 
of  six  yards,  in  some  places  exhibiting  a  ragged  appearance,  and 

How  ii  that  event  lo  be  explained  f 

By  what  other  mode  may  the  mufiice  of  a  country  be  covered  wtdi 

earthy  deposits  ? 
Describe  the  occurrence  at  Solway  num  I — ^At  Haworth  ? 


*  NiehelMm'B  J^mal  of  Ifatural  Philosophy.  8vo..vol.  xv.  pp.  150 — ^108. 
t  Brande'8  Journal  of  Science,  vol.  V.  p.  377. 
t  hyeli'B  Prmoiplee  of  Geology,  vol  iik  p.  137. 
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forming  two  principal  cavities — the  one  was  about  two  hundred 
yards,  and  the  other  not  less  than  six  hundred  yards  in  circumfe- 
rence. From  these  hollows  issued  two  immense  volumes  of  muddy 
water,  which  oniting  at  the  distance  of  upwards  of  one  hundred 
yards  from  tbeii  soaioes,  oonstitated,  for  abaot  two  boors,  aa- 
oyefwhelminff  flood  from  forty  to  fifty  (sometimes  seTonty)  yards 
in  llidth»  aoa  seldom  less  than  four  yards  in  depth*  This  dark 
sihny  m^ffctff^  of  mud  and  water  followed  the  couise  of  a  rivalet, 
overflowing  its  banks  for  twenty  or  thirty  yards  on  each  side,  and 
to  the  distance  of  seven  or  eight  miles  from  the  immediate  erup- 
tion ;  all  this  way  there  was  deposited  a  black  moorish  substance, 
varying  from  eight  to  thirty-six  inches  in  depth,  and  mixed  occa- 
sionally with  sand  and  rocky  fragments,  pieces  of  timber,  and  up- 
rooted txees,  which  had  been  borue  along  by  the  impetuous  tor- 

149.  Tbiirirt^^d  9owerfal  *«tr«&m  bistiib  dctti  dae  Solid 
stone  bridge,  made  breaches  in  two  others,  elog^ed  up  and  stop- 
ped SSTenu  mills,  laid  flat  and  destroyed  many  fields  of  corn,  and. 
OTerthrew  to  the  foundation  several  hedjres  and  walls.  In  its 
course  it  entered  the  houses,  floating  *the  furniture  about  to  the 
astonishment  and  terror  of  the  inhabitants.  At  the  time  of  the  erup- 
tion, the  clouds  were  copper-coloured  and  lowering;  the  atmosphere 
was  strono^ly  electric,  and  unusually  close  and  sultry.  There  was 
at  the  same  time  lou^  and  frequent  thunder,  with  much  zigzag 
lightning,  peculiarly  flaring  and  vivid.  An  hour  before  there  was 
scarcely  ft  nreath  of  air  snrring,  but  Hie  wind  qnickly  rose  to  a 
hurricane;  and  after  blowin|r  bard  from  six  to  eight  o'clockySunk 
again  into  a  profound  calm,  at  which  time  the  heavy  rain,  which 
had  continued  all  the  while,  ceased,  and,  with  the  exception  of  a 
few  floating  clouds,  the  sky  was  very  serene.  Part  of  the  torrent 
of  mud  passed  into  the  river  Aire,  rendering  its  stream  turbid  at 
Leeds,  and  causing  the  destruction  of  ^reat  quantities  of  fish. 

143.  A  still  later  inundation,  from  tlie  burstinir  of  a  peatmoss, 
happened  in  the  county  of  Sligo,  in  Ireland.  After  a  sudden  thaw 
of  snow,  in  January,  1831,  the  bog  between  Bloomfield  and  Gee* 
fah  gave  way,  and  a  black  deluge  flowing  in  the  direction  of  a 
small  stream,  swept  along  heath,  timber,  mud,  and  stones,  and 
overflowed  several  meadows  and  tracts  of  arable  land.  Passing 
through  a  pleee  of  bog,  the  flood  traced  a  wide  and  deep  ravine, 
and  earriedfaway  conipletely  two  hundred  yards  of  a  solid  road.* 
The  sudden  removal  of  large  tracts  of  land  on  the  banks  of  the 
Mississippi  is  an  event  of  frequent  occurrence.  The  many  bends, 
*^cut  offs,^^  and  lagoons,  in  that  region,  are  the  consequences  of 
this  aqueous  action* 

What  other  phenomena  acccompanied  the  latter  event? 

What  example  of  the  bursting  of  a  bo^  haa  been  observed  in  Ireland? 

VfhaSiemsrkable  action  tsfcss  plaoe  w&mg  the  line  of  the  Miniauppi? 

**  lyelTs  FHndplei  of  CMogy»  iq»  a. 
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144.  The  destructive  action  of  water  in  consequence  of  fftf 
congelation  by  cold,  is  sometimes  exhibited  on  a  very  extensive 
scale.  In  cold  climates,  the  disinte^ation  of  rocks  is  caused  by 
the  freezing  of  water*  which  having  insioiiated  itself  into  creyieas 
in  its  atmost  stale  of  eoniensatioay  afterwards  expands  in  the  act 
of  forming  ice.  Load  reportSy  owing  to  the  rifting  of  rocks  from 
tills  cause,  frenuently  attest  the  magnitade  and  violence  of  the 
effects  prodnced  ;  and  thus  large  masses  of  rock  with  superincum- 
bent placierp  are  torn  from  the  summits  and  sides  of  mountains, 
and  fall  in  desolatiiifr  avalanches  into  ihf;  vales  below.  When 
larffe  rivers  are  frozen  and  a  sudden  thaw  comes  on,  great  block* 
of  ice  floatinqr  on  the  swollen  current  may  be  driven  aj^mst  its 
banks  and  cut  away  from  them  considerable  portions,  which  fall- 
ing into  the  water  may  ohstniet  its  passage  and  caose  floods,  or 
even  alter  the  coarse  of  a  stream.  The  destructiye  oj^erattons  of 
icehergs,  when  drifted  against  maritime  eliffs  and  precipices,  may 
obyioosly  be  productive  of  considerable  modifications  of  the  coast 
of  a  country,  causing  the  fall  of  vast  masses  of  rock  and  soil,  to 
be  afterwards  disintegrated  and  scattered  by  the  waves  of  the 
sea. 

145.  The  influence  of  waves,  breakers,  and  ocenn  currents, 
both  in  the  decrradation  of  land  and  in  the  formation  of  new  strata 
beneath  the  water,  contributes,  perhaps,  more  than  any  other  cause, 
to  the  alterations  that  are  taking  place  on  the  superiices  of  ther 
earth.  Hieir  destniotive  effect  is  more  immediately  obynw 
when  they  act  on  cliffs  composed  more  or  less  of  soft  materbls, 
and  rising  somewhat  abmptly  above  the  level  of  the  sea;  and 
hence  the  configuration  oi  coasts  will  greatly  depend  On  the 
relative  hardness  of  the  rocks  of  which  they  are  composed* 
Thus  the  waves  sometimes  form  bays  or  inlets  by  washing  away 
portions  of  land  ;  and  w  liere  their  action  is  resisted  by  more  dense 
materials,  they  produce  only  a  partial  etfeet :  yet  the  most  solid 
rocks  may  in  time  ^ive  way,  and  the  progress  of  destruction 
influence  the  formation  of  oceau  caves,  or  produce  detached 
masses  rising  from  the  bosom  of  the  deep,  and  presenting  a  variety 
of  fantastic- rorms. 

146.  Dr.  Hibbert,  ennmerating  the  effects  of  the  wavee  on  the 
coasts  of  the  Shetland  Islands,  says :  *^The  most  sublime  scene  i» 
where  a  mural  pile  of  porphyry,  escaping  the  process  of  disintegra- 
tion that  is  devastating  the  coast,  appears  to  have  been  left  as  a 
sort  of  rampart  n«rainst  the  inroads  of  tlK5  ocean ;  the  Atlantic^ 
when  provoked  by  wintry  gales,  batters  against  it  with  all  the 
force  of  real  artillery,  the  waves  haviiifr,  in  tljcir  repeated  assaults, 
forced  themselves  an  entrance.  This  breach,  named  the  grind  of 
the  Navir,  is  widened  every  winter  by  the  overwhelming  surge 

How  may  we  explain  the  filling  of  masses  offock  from  mountlilns  ia 
lime  of  severe  frosts? 
How  shall  we  account  lor  the  change  in  form  of  maritime  cliiSi? 
What  is  the  most  acltve  csuse  of  changes  in  the  earthy  torlaee  f 
Or  what  does  the  conligmiAioo  of  ooests  depend  ? 
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that,  finding  a  passage  through  it,  separates  large  stones  from 
its  sides,  and  forces' them  to  a  distance  of  no  less  than  1^0  feet. 
In  two  or  three  spots,  the  fragments  that  are  detached  are  brought 
together  in  immense  heaps,  that  appear  as  an  accumulation  of 
cubical  masses,  the  product  of  some  quarry."* 

147.  The  same  writer  gives  instances  of  the  destruction  of 
islands,  until  at  last  they  become  mere  clusters  of  rockS|  the  last 
shreds  of  masses  once  continuous.*'  Such  was  the  origm  of  the 
granitic  xoeks  called  the  Drongs,  between  Papa  Stour  and  Hill»* 
wick  Ness  :  and  of  a  singular  cluster  of  rockSi  of  a  similar  nature, 
to  the  south  of  the  latter  island. 

I4B.  The  power  of  the  sea  when  ncfitated  is  especially  remark- 
able in  overturniiior  and  drit'linff  vast  blocks  of  solid  rock.  JSteven- 
son  states  that  at  the  depth  ot'  two  hundred  feet  the  action  of  the 
sea  is  sufficient  to  break  rocks  in  pieces,  and  throw  them  upon 
the  coasts  in  masses  of  various  forms  and  dimensions.  He  ob- 
serves that  numerous  proofs  of  the  sea  being  disturbed  to  a 
considerable  depth  have  occurred  since  the*Wection  of  the  Bell 
Rock  lighthouse,  situated  upon  a  sunken  rock  in  the  sea,  twelve 
miles  off  Arbroath,  in  Forfarshire.  Some  driftstones  of  large 
dimensions,  measuring  upwards  of  thirty  cubic  feet,  or  more  than 
two  tons  weight,  have,  during  storms,  been  often  tlirown  upon  llie 
rock  from  the  deep  water.  These  large  boulderstones  are  so 
familiar  to  tlie  liglithouse-keepers  at  this  station,  as  to  be  by  them 
termed  travellers."* 

149.  The  eflects  of  the  more  protracted  action  of  waves  and 
bTsakers  is  abundantly  remaricable  on  various  parts  of  the  shores 
of  England,  and  in  few  situations  more  so  than  on  those  of  Suffolk. 
The  gradual  destruction  of  the  once  extensive,  flourishing,  and 
populous  city  of  Dunwich,  has  been  noticed  by  several  writers. 

Gardner,  in  his  history  of  the  borough,  published  in  1754,  shows, 
by  reference  to  documents,  beirinning  with  Domesday  Book,  that 
the  clitTs  at  Dniuvich,  Soutluvold,  Eastern,  and  PakeBeid,  have 
been  always  subject  to  wear  away. 

150.  **  At  Dunwich  in  particular,  two  tracts  of  land  which  had 
been  taxed  in  the  eleventh  century,  in  the  time  of  King  Edward 
tiie  Confessor,  are  mentioned  in  the  Conqueror's  survey,  made  but 
a  few  years  afterwards,  as  having  been  devoured  by  the  sea.  The 
losses,  at  a  subsequent  period,  of  a  monastery — at  another 
several  churches— afterwards  of  the  old  port— then  of  four  hun- 

« 

What  instance  of  the  aodon  of  waves  on  hard  rocke  has  been  particu* 
larly  noticed  ? 

What  chaiiges  are  sometimes  known  to  take  place  in  the  appearance  of 
islands  t 

What  is  moant  by  tho  term  '*  travelling  rocks?" 
What  event  proving  the  gradual  eacioaching  of  the  sea  on  the  land  ie 
recorded  I  * 


*  beierijftion  of  the  Shetland  lalandi,  EdinK  1888,  p.  S08. 
t  See  MeMiurB  of  the  Wemerian  Socie^,  vol.  iit 
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dred  houses  at  once — of  llie  church  of  St.  Leonard,  the  high  road* 
town-hall,  th«  gaol,  and  many  other  buildings,  are  mentioned,  * 
witli  ilie  dates  when  they  perished.  It  is  stated  that  in  the  six-  . 
teeuih  century,  not  one  quarter  of  ibe  town  was  left  standing;  yet 
ike  inhabitants,  retreatinf  inlwd,  Hie  name  was  pnsmed,  as  nas 
been  tHi  case  with  many  oth^r  ports,  when  their  ancient  site  haa 
been  blotted  out. 

151*  There  is,  howeTer^aclioreh  of  considerable  antiquity  still 
standing,  the  laat  of  twelve  mentioned  in  some  records.  In  17 10, 
the  layinrr  open  of  the  churchyard  of  St.  Nicholas  and  St.  Francis, 
in  t}ie  sea  clitls,  is  well  described  by  Gardner,  with  the  coffins  and 
fikeietgus  exposed  to  view — some  lying  on  the  beach,  and  rocked 

*  In  cradle,of  the  rude  impetuoiu  roige.' 

Of  these  cemeteries  no  remains  can  now  be  seen.  Ray  also  says, 
*That  aneient  \vritings  make  mention  of  a  wood  a  mile  and  a  half 

to  the  e  st  of  Dunwich,  the  site  of  which  mast  at  present  be  so 
far  within  the  sea.'*  This  city,  once  so  flourishinor  and  populous, 
is  now  a  small  village,  with  about  twenty  houses,,  and  one  hun- 
dred inhabitants."! 

152.  The  action  of  tides  and  currents  must  be  taken  into  the  ac- 
count, in  estimating  the  influence  of  the  sea  in  producing  modifica- 
tioos  of  the  surface  of  the  globe.  Tides  are  chiefly  fell  on  the 
coasts,  and  their  effee'ts  must  be  in  a  great  degree  similar  to  tho^e 
above  described;  but  the  operation  of  currents  may  cause  a  variety 
of  changes  in  the  bed  of  the  sea,  in  some  places  scooping  out  hol- 
lows, and  in  others  heaping  up  wide  tracts,  or  where  from  particular 
causes  their  direction  has  iinderfrone  alteration,  sweeping  away 
and  dispersing  the  sand-beds  produced  by  former  currents.  There 
are  currents  of  various  descriptions,  the  most  important  being  those 
which  a{)ppar  to  be  permanent.  Such  are  the  Gulf  stream,  and 
other  branches  of  the  great  equinoctial  current;  the  Polar  or 
Greenland  current,  flowing  strongly  through  Hudson's  bay  and 
Davis's  strait ;  a  eurxent,  which  sets  eastward  into  the  Mediter- 
ranean sea;  and  another  that  flows  out  of  the  Baltic,  into  the  Ger- 
man ocean.  Besides  these,  there  are  a  considerable  number  of. 
periodical  and  temporary  currents,  the  transporting  power  and 
effects  of  which  must  vary  with  circumstances. 

153.  Such  are  some  of  the  more  general  and  widely-operating 
causes  of  the  modifications  of  the  earth's  surface,  which  have 
taken  place  within  the  period  of  historical  record  ;  but  there  are 
others,  which  are  rather  of  a  local  nature,  though  their  efiects  may 
iii  some  cases  be  very  extensive,  and  are  often  extremely  striking 

Wliat  has  preserved  the  name  of  Donwieh  smce  its  site  has  been 

gulphcd  ? 

What,  besides  the  force  of  the  winds,  is  effective  in  causing  maritime 
detrition? 


*  C^onseqiiences  of  the  Deluge— Physico-Theological  DisOOOfies. 
t  Lyell's  Principle!  of  Geology,  vol.  i.  pp^  403, 
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and  important.  Among  these  are  chemical  deposits  from  fresh 
water,  marine  formations,  either  from  chemicar  deposition  or  the 
work  ;of  oertl  polypes ;  aoA  Tolcanos  and  earthquakes.  All  Hieee 
•fe  highly  interesting,  and  might  famish  materials^  for  sevenA 
Tolanies ;  bol  among  the  nnineroiis  topics  that  remain  to  be  eoor 
sidered,  they  can  here  otdj  obtain  a  ]raBsin|^  notice. 

154.  Some  thermal  springs  contain  siliceous  earth,  held  in 
solution  by  their  waters,  and  deposited  on  cooling.  Such  are  the 
Geysers  in  Iceland,  previously  mentioned.  Their  deposits  extend 
over  an  area  of  about  half  a  mile  in  diameter;  and  from  the  depth 
of  a  cleft  near  the  Great  Geyser,  the  siliceous  matter  appears  to 
be  more  than  twelve  feet  in  thickness.  The  hot  springs  of  FumaSy 
in  the  Toleamo  district  of  St.  Miohael,  one  of  the  AzoieSv  deposit 
largo  quantities  of  clay  and  silex,  enyeloping  grass,  leaves,  and 
other  vegetable  bodies.  Dr.  Webster  found  "  branches  of  the  fem% 
whioh  now  flourish  in  the  island,  completely  petrified,  preserving 
the  same  appearance  as  when  vegetating,  excepting  the  colour, 
which  is  now  ash-gray.  Fragments  of  wood  occur,  more  or  less 
changed ;  and  one  entire  bed,  from  three  to  five  feet  in  depth,  ia 
composed  of  the  reeds  so  common  in  the  island,  completely 
mineralized,  the  centre  of  each  joint  being  filled  with  delicate  crys- 
tals of  sulphur."*  The  deposits  are  both  abandant  and  various, 
frequently  forming  horivontid  strata.  In  the  cavities  of  the  de- 
posits oeenr  siliceous  stalactites  often  two  inches  long,  and  covered 
with  small  brilliant  quarts  crystals.  Compact  masses,  broken  fh>m 
yafious  causes  and  cemented  again  by  siliceous  matter,  form  brec- 
cia, the  elevations  of  whichf  in  Some  places,  Dr.  Webster  estimates 
at  more  than  thirty  feet. 

155.  There  are  hot  springs  at  Washita,  in  Arkansas  territory,  in  a 
district  exhibiting  some  traces  of  extinct  volcanos,f  which  deposit 
a  very  copious  sediment,  consisting  of  silex,  lime,  and  iron ;  and 
the  thermal  springs  of  Pinnarkoon  and  Loorgootha,  in  the  East 
Indies,  contain  silfea  and  various  salts  of  soda. 

156.  Travertin,  or  calcareons  tn&,  is  another  deposit  firom 
springs;  and  though  it  is  most  common  in  limestone  districts  it  is 
by  no  means  connned  to  them,  occurring  indiscriminately  in  all 
rock  formations.  In  Auvergne,  in  France,  where  the  primary 
rocks  are  unusually  destitute  of  limestone,  springs  abundantly 
charged  with  carbonate  of  lime  rise  up  through  the  granite  and 
^eiss.  Again,  in  the  valley  of  the  Elsa,  which  skirts  the  Apennines 
m  Italy,  are  innumerable  springs,  which  have  thrown  down  such 

What  change  in  the  strnGture  of  the  earth's  sniftce  is  eflfocted  bjr  the 

agency  of  animals? 

What  change  is  produced  b;^  the  action  of  hot  springs? 
What  examples  illustrate  this  khid  of  action? 
What  is  the  chemical  nature  of  travertin? 
In  what  localities  has  it  been  deposited  ? 

*Edinb.  Philos.  Journ..  vol.  vi. 

t  See  FsatbeiBionbaugh's  Geological  Report,  pp.  63  to  69. 
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calcareous  precipitates,  that  the  whole  ground  in  some  parts  of 
Ttimny  is  eosted  witb  traTsrtlii,  and  soundi  hollow  mwer  foot, 
A  most  strikingr  instance  of  tbe  rapid  deposit  of  carbonate  of  lime 
from  thermal  waters  may  be  observed  in  the  hill  of  San  Viprnone, 
Dear  Kadicofani,  and  a  fnw  hundred  yards  from  the  high  road  be- 
tween Sienna  and  Rome.  A  larrrp  mass  of  travertin  dt^scends  the 
hill  from  the  point  whence  the  spring  issues  to  the  bank  of  the 
rivor  Orria,  a  distance  of  250  fjHt,  forming  a  mass  of  varying 
thicknt  5.S,  but  somelimes  200  feet  iit  depth  ;  and  on  the  other  side 
of  the  hill  a  similar  deposit  extends  about  halt  a  mile  in  parallel 
Strata,  one  of  which  is  15  feet  thick,  and  oonatitalea  excellent 
building  stone.  Large  masses  of  travertin  have  also  been deposited* 
forming  escarpments  idong  the  borders  of  the  stream  into  which 
the  waters  of  the  Washita  hot  springs  descend. 

157«  Thermal  springs,  which  yield  calcareous  deposits,  are 
fjuiul  in  several  parts  of  Italy,  as  the  famous  hiitlis  of  San  Filippo, 
on  a  hill  a  few  miles  from  that  above  mentioned ;  the  Bulicami,  or 
hot  baths,  in  the  vicinity  of  Viterbo ;  a  thermal  spring,  lately  dis- 
covered near  Civita  Veechia,  which  forms  alternate  beds  of  a  yel- 
lowish travertin,  and  a  white  granular  rock,  resembling  statuary 
marble ;  the  lake  of  Solfatara,  in  the  Campagna,  between  Rome 
and  Tivoli;  and  calcareoas  formations  are  taking  place  in  the 
waters  of  the  river  Velino,  at  Temi ;  and  in  tiioae  of  the  Anio^ 
which  produces  the  travertin  of  Tivoli.'*'  Calcaieons  deposits  from 
springs  have  been  noticed  in  Bohemia,  Hungary,  Mount  Caucasus^ 
Persia,  and  in  various  other  parts  of  the  w^orld.  Mr.  Mantell 
mentions  an  incrusting  or  lapidescent  spring,  at  Pounceford,  in 
Sussex  ;f  and  such  occur  in  Gloucestershire,  and  in  other  distriots 
of  England,  where  there  are  formations  of  limestone. 

138.  Precipitates  of  carbonate  of  lime  are  produced  from  the 
waters  of  some  lakes;  but  there  are  others  which  yield  deposits 
of  a  different  nature,  though  on  a  comparatively  eontraeted  scale. 
Bog-iron  ore  is  sometimes  found  at  the  bottom  of  lakes  and  peat- 
mosses ;  and  its  origin  is  somewhat  problematical.  *^It  has  been 
suggested  that  iron,  being  aolubte  in  acids,  may  be  diffused  through 
tlie  whole  mass  of  vegetables  when  they  decay  in  a  bog,  and  may, 
by  its  superior  specific  gravity,  sink  to  the  bottom,  and  be  there 
precipitated  so  as  to  form  bog-iron  ore;  or  where  there  is  a  sub- 
soil of  sand  or  gravel,  it  may  cement  them  into  ironstoue,  or  fer- 
ruginous conglomerate/'!: 

150.  In  sail  lakes  considerable  depositions  of  salt  (chloride  of 
Bodium)  take  place ;  and  such  collections  of  water  being  dried  up 
or  drained,  the. sides  and  bottoms  of  the  basins  are  found  incmsted 

How  is  the  presonoe  of  iron  ore  in  lakes  To  bo  nccoimted  for? 
What  causes  the  deposiiion  of  salt  at  the  bottom  oi  salt  lakes  ? 


•  See  Lyell's  Prin.  of  Gool.,  vol.  i.  pp.  296—310. 
t  Geology  of  the  Soutb-Esit  of  England,  1833,  p.  323. 
I  Lyell's  Prin.  of  GsoL,  Tol.  iti  p.  S31.  See  Bev*  Dr.  Reanie's 
on  Poat,     347t  ^       •  ■ 
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wiik  saltt  iometiniefl  eonstitatingr  beds  altemaliog^  with  beds  of 
day.  In  South  Africa  salt  is  obtained  from  each  natural  ba^s; 
and  bay  salt  is  the  product  of  salt-pans  or  basins  formed  by  art. 
On  the  western  side  of  the  Rocky  mountains,  in  about  latitude  42°, 

is  a  salt  lake,  around  which  a  party  recently  found  it  took  them 
forty  days  to  travel.  The  salt  is  believed  to  be  brought  down  by 
the  waters  from  saliferous  rock  strata  in  the  mountains  above. 

160.  Carbonate  of  soda  is  precipitated  in  considerable  quantities 
from  the  waters  of  a  lake  in  Venezuela  and  similar  deposits 
occur  in  other  places. 

Gypsum,  or  sulphate  of  lime,  whieh  forme  one  of  the  beds  in 
tike  great  Paris  basin,  and  must  therefore  have  been  deposited  most 
copiously  at  some  distant  period,  now  appears  to  be  confined  to  % 
very  few  springs.  Those  at  Baden,  near  Vienna,  which  supply 
the  public  bath,  may  be  cited  as  examples.  Some  of  them  yield 
from  600  to  1000  cubic  feet  of  water  an  hour,  and  throw  down  a 
fine  powder,  consisting  of  a  mixture  of  sulphate  of  lime  with  sul- 
phur and  muriate  of  lime,  (ciiloride  of  calcium. )f 

161.  In  the  island  of  Trinidad  there  is  an  extensive  pitch-lake, 
the  surface  of  which  in  wet  weather  is  sufficiently  hard  to  sup- 
port heavy  weights ;  but  during  the  heats  it  approaches  to  4  state 
0f  fluidity.  T^is  phenomenon,  together  witk  the  ^istence  of 
springs  of  naphtha  and  asphaltum  in  different  quarters  of  the  globe, 
may  serve  in  some  measure  to  elucidate  the  origin  of  bitumiooas  . 
shales,  which  occur  in  the  geologiual  formations  of  di(ferent«ges. 

162.  Tfie  destructive  influence  of  the  waves  of  the  sea  is  fre- 
quently exerted  within  the  range  of  observation,  so  that  we  may 
in  many  cases  be  able  to  appreciate  the  effect  produced  with 
tolerable  accuracy.  But  the  formative  or  constructive  operations 
of  the  ocean,  jvhich  are  carried  on  upon  the  most  extensive  scale, 
are  in  general  entirely  hidden  from  our  view.  We  have  abundant 
lesson  to  belleye  that  many  of  the  strata  which  compose  the  crust 
of  tlie  terrestrial  globe  were  formed  by  deposition  from  seerwater, 
and  that  analogous  formations  are  now  in  pro^rress;  but  with 
lespeettothe  latter,  we  are  obliged  to  speculate  in  the  dark,  those 
processes  of  nature  in  general  taking  place  at  unfathomable  depths 
beneath  the  surface  of  the  ocean. 

163.  As  dwellers  on  the  land,  we  inhabit  about  a  fourth  part 
of  the  earth^s  surface ;  and  that  portion  is  almost  exclusLvely  the 

• 

What  evidence  have  we  that  sulphate  of  lime  has  been  copiously  de- 
posited from  an  aqueous  solution  ? 
What  facts  enable  ua  to  explain  the  exittenee  of  bitumen  in  connexion 

with  rocky  strata  ? 

Why  are  we  less  familiar  with  the  processes  of  accumulation  than  with 
those  of  detrition  when  effected  by  the  ocean? 

♦  A  curious  account  of  the  manner  in  which  soda  is  collected  from  this 
lake  by  the  Indians^  written  byM.  Palacio  Faxar,  may  bo  Ibund  m  Brando's 
Joom.  of  Science,  vol.  i.  p.  188,  Ac. 

t  Lyell's  Prin.  of  Geology,  vol.  i.  p.  311 ;  from  Essai  MUT  U  Constitution 
Physique  du  fiaann  de  Vienne,  par  C.  Prevost,  p.  10. 
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theatre  of  decay,  and  not  of  reproduction.  "Wp  know,  indeed,  that 
new  deposits  are  annually  formed  in  seas  and  lakes,  and  that  every 
year  some  new  ijrneons  roeks  are  produced  in  the  bowels  of  the 
earth,  but  we  cannot  watch  the  process  of  their  formation  ;  and 
as  they  are  only  present  to  our  iniiids  by  the  aid  of  reflection,  it 
lequireis  an  effort  both  of  the  reason  and  the  imagination  to  ap- 
preciate duly  tbeir  impoitance.  It  is  therefore  not  surprising  that 
we  iroperfeetly  estimate  the  result  of  operations  inTisible  to  us ; 
and  that,  when  analogous  results  of  some  former  epoeh  are  pre- 
sented to  our  inspection,  we  cannot  recognise  the  analogy.  He 
who  has  observed  the  quarrying  of  a  stone  from  a  rock,  and  has 
seen  it  shi[)ped  for  some  distant  port,  and  then  endeavours  to  con- 
ceive what  kind  of  edifice  will  be  raised  by  the  materials,  is  in 
the  same  predicament  as  a  geologi^>t,  who,  while  he  is  tonfined  to 
the  land,  sees  the  decomposition  of  rocks,  and  the  transportation 
of  matter  by  rivers  to  the  sea,  and  then  endeavours  to  picture  to 
himself  the  new  strata  which  nature  is  building  beneath  the 
watess/'* 

164.  The  rocks  formed  under  the  surface  of  the  sea  oriarjnated 
either  from  raeehauical  deposition,  or  from  chemical  precipitation. 
Those  of  the  former  class  are  numerous,  including  most  of  the 
stratified  rocks  which  inclose  sea-siiells,  fragments  of  corals,  and 
other  exuviai  or  hones  of  marine  animals.  Among  those  of  the 
latter  class,  some  jtih)] ovists  have  reckoned  even  granite, |  the 
origin  of  which,  as  well  as  that  of  all  other  unstratified  rocks  lias, 
however,  been  more  irenerally  ascribed  to  irrneous  fusion  and  con- 
solidation. Most  of  liie  calcareous  rocks  containing  marine  shells, 
must  have  been  produced  under  the  influence  of  chemical  affinity ; 
and  of  this  nature  are  the  formations  which  are  occasionally  ob- 
senred  to  take  place  ou  the  sea-coasts, 

165.  Collections  of  perfect  and  broken  sea-shells  and  corals  are 
sometimes  consolidated  by  the  precipitation  of  calcareous  and 
femiginons  matter,  constituting  banks  or  beds  of  considerable  ex- 
tent. Such  masses  containing  shells  occur  on  various  parts  of  the 
shores  of  Great  Britain.  Similar  conorlomerates,  inclndinor  both 
shells  and  corals,  are  not  uncommon  around  some  of  the  islands 
in  the  West  Indies.  At  Guadaloupe  human  bones  have  bf^n  found 
imbedded  in  a  rock  of  this  kind,  whence  were  obtained  two  im- 

*  * 

What  eauie  prevents  our  verifying  the  coiyectures  which  geologisia 

have  formed  in  regard  to  il.is  stihjoct? 

From  how  m'uiy  sources  have  ^^lll)ma^ine  rocks  derived  their  origin  ? 
In  what  silualion  have  human  bones  been  obtamed  in  a  fossilized  state? 


♦  Lyeir«  Prin.  of  Geol.  vol.  i.  pp.  1 17,  118. 

t  "Tlie  strata  of  granite,"  says  Do  hue.  "evidenily  produced  by  che- 
mical deposition  from  a  li(iiiid,  ibrm,  as  1  have  said,  tlie  most  ancient  inonu> 
ment  of  the  action  of  physical  causes  on  our  fflobe." — dement.  TYeal.  on 
Gcol.,  p.  49.  This  writer,  luiwever,  doubilefts  imagined  the  primitive 
ocean  (capable  of  hdidinfi:  in  solnfion  the  substances  which  constitute 
gjmto)  to  have  been  a  liquid  of  a  diticreiit  nature  from  the  waters  of  the 
wsMQt  oeaon. 
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perfect  human  skeletons,  one  preserved  at  the  British  Museum, 
md  the  other  in  the  Museum  of  Natural  History,  at  Paris;  and 
from  the  occurrence  of  these  bones  and  other  circumstances,  may 
be  inferred  the  comparatiTely  modem  oriffin  of  the  rock  in  question. 
The  Florida  Keye  abound  in  deposite  or  itolls  in  various  etates  of 
disintegration  and  subsequent  union  by  cement. 

166.  Among  the  marine  formations  there  are  few  more  curious 
or  interesting-  than  coral  reefs  and  islaiuls,  which  to  a  certain  ex- 
tent are  constructed  hy  different  kinds  of  polypiferous  zoophytes,* 
or  minute  animals,  for  which  the  coral  tubes  serve  as  habitations. 
It  has  been  supposed  that  the  coral  rocks  descend  in  perpendicular 
columns  to  the  bed  of  the  ocean,  and  cover  millions  of  acres  of  the 
Pacific  ;\  but  though  the  extent  of  such  formations  is  very  con- 
siderable, it  appears  to  have  been  overrated* 

^  167*  M.  Chamisso,  who  accompanied  as  a  naturalist  the  expe- 
dition of  discovery  sent  out  hy  the  Russian  government,  under  the 
command  of  Captain  Kotzebue,  visited  several  groups  of  coral 
islands,  arrancrf  d  in  a  circular  or  oval  form,  with  opening  among 
them  wliich  alForded  access  to  the  interior  basin.  These  islands 
seemed  to  be  only  the  uppor  portions  of  ridnres  of  unequal 
heights,  on  the  inside  of  wliich,  towards  the  basin  or  lagoon, 
where  there  is  still  water,  the  smaller  and  more  delicate  kinds  of 
polypes  carry  on  their  operations,  while  the  stronger  species  live 
and  work  on  the  exterior  margin  of  the  bank,  against  which  a 
great  surf  usually  breaks, 

168.  These  creatures  leave  off  building  as  soon  as  their  sfmc* 
tures  reach  such  a  height  as  to  be  left  almost  dry  at  the  lowest 
ebb  of  the  tide.  A  continuous  mass  of  solid  stone  is  seen  com- 
posed of  shells  of  m  dlnscs  and  eehini.  with  their  broken-ofF 
rickles  and  fragments  of  coral  cemented  by  calcareous  matter, 
he  ridge  is  raised  by  fragments  of  eorals  thrown  up  by  the  waves, 
till  it  becomes  so  high  as  to  he.  covered  only  by  high  tides  and  at 
certain  seasons.  Masses  of  the  stone  thus  formed  arc  sometimes 
separated  and  thrown  upon  the  surfaee  of  the  reef,  so  as  gradually 
to  augment  its  elevation.  The  calcareous  sand 'on  the  top  now 
furnishes  a  soil  in  which  seeds  of  treRss  and  plants  brought  by  die 

* 

What  is  the  nnture  of  rornl  reefs  ? 

What  coiyecturea  have  been  tormeJ  respecting  their  extent  ? 

Whfit  facts  have  been  aacertained  in  regard  to  the  different  dowet  of 

animnls  which  hiiild  the  coral  islands? 
How  high  are  they  capable  of  rearing  their  atructurea? 

r    1  •  m  '     ■■  ■    11^—^^— m — I  ~ 

*  "  or  the  numerous  specie*  of  zoophytes  which  are  enfaged  in  the  pro* 

duction  of  coral  h.uiUs.  some  of  the  most  rnmrnon  belong  to  the  ffeners 
Mfandriiia,  Corf/ophdlia,  nnd  AslTea^  but  especially  the  latter.*' — JLyelFB 
Prin.  of  GeoL.  vol.  iii.  p.  221. 

t  ""^he  reefs  in  the  Pacific  are  sometimes  of  proat  extent:  thus  the  in* 
habitants  of  Disappointment  Islands,  and  those  ofD  ilT  s  (JroMp,  pnv  vIrIuj 
to  each  other  by  passing  over  lon^  lines  of  reefs  from  island  to  island,  a 
distance  of  six  hundred  miles  and  upwards.  When  on  their  route  tbev 
present  the  appearance  of  troops  marching  upon  the  surface  of  the  ocean« 
Frin.  ^  OeaLp  vol.  iii.  p.  235 ;  from  Malte-Bnm'a  Geogimphy.. 
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waves  vepretate  rapidly,  and  overshadow  its  dazzling  white  sur- 
face. Entire  trunks  of  trees,  which  are  carried  by  the  rivers 
,  from  other  countries  and  islands,  find  here  at  length  a  restin^- 
plaea  after  Hieir  lonv  wanderings :  wiUi  theae  come  aome  amiSl 
aatmala,  aoah  aa  llaania  aod  tnaeela,  aa  tha  first  iahaUtenta.  ETen 
before  the  trees  form  a  wood.  Hie  aea4>irds  nestle  here ;  atrajed 
land-birds  take  refuge  in  the  bushes:  and  at  a  mach  later  penod* 
when  the  work  has  been  long  since  completedt  man  appears,  and 
builds  his  hut  on  tho  fruitful  soil."* 

169.  MM.  Quoy  and  Gaimard,  who  sailed  in  the  French  ex- 
pedition, more  recently,  under  Captain  Frrycinet  also  examined 
with  attention  the  coral  rocks  and  islands ;  and  they  were  led  to 
conclude  tliat  the  polypiferous  zoophytes  do  not  begin  building 
from  any  considerable  depths  below  the  surface  of  the  sea,  but 
merely  prodaee  incmstationa  a  few  fathoma  in  thickness ;  and 
that  the  appearanoe  of  these  reefis  and  islanda  depends  on  the 
inequalities  of  the  mineral  masses  beneath,  the  circular  form  of 
many  of  them  indicating  their  foundation  on  the  crests  of  sub* 
marine  craters.  It  is  supposed  that  those  species  of  animals,  which 
chiefly  contribute  to  the  formation  of  romllino  islands,  do  not  live 
in  water  at  the  dcptli  of  more  than  30  feet;  tiiough  the  branched 
corals  have  been  brought  up  in  sounding  otf  ('ape  Horn,  in  about 
50  fathoms  water,  and  Ht  U  pora^  have  been  found  as  low  as  100 
fathoms;  but  these  do  not  form  solid  masses,  though  the  ruins  of 
their  habitaUons  might  in  time  compose  banks  that  would  serve  aa 
platfermlf  which  the  other  species  might  make  the  foundations  of 
their  mora  compact  stroctores.  ^ 

170.  Observations  were  made,  during  a  recent  voyage  of  Captain 
Beech ey  to  the  Pacific*  whence  it  may  be  inferred  that  the  elevap 
tion  of  coral  rocks  proceeds  in  general  very  slowly  ;  but  a  curious 
circumstance  noticed  by  Mr.  Lloyd,  while  engaged  in  his  survey 
of  the  isthmus  of  Panama,  shows  that  bodies  cast  on  submarine 
banks,  where  the  coral  animals  are  at  work,  may  be  very  speed- 
ily cemented  to  the  surface,  and  a  considerable  increase  of 
height  may  hence  take  place  in  a  short  time.    This  gentleman, 

aeeing  some  beaatiful  polypi fers  on  the  coast,  detached  speci- 
mens (7  them ;  and  tt  oeing  inconvenient  to  take  them  away  at 
the  time,  he  placed  them  on  some  rocks  or  othldr  corala,  in  a  shel- 
tered and  shallow  pool  of  water.  Returninp^  to  remove  tliem 
a  few  days  afterwards,  it  was  found  that  they  had  secreted  stony 
matter,  and  fixed  themselves  firmly  to  the  bottom.  Now  this 
property  must  greatly  assist  in  the  formation  of  solid  coral  banks ; 

What  is  the  piogren  of  change  fifom  a  coral  reef  to  an  tnhalntablo 

island  ? 

At  what  dopths  and  on  \v}iat  foundation  has  it  been  auppoaed  that^e 
coral  animals  commence  tlteir  operations  ? 

What  peculiar  power  have  thoee  animab  In  ragaid  to  the  eOBBSKion  of 
their atnictures  with  other  solid  substances? 


in*18i^iaifi[*wt  Ui*^'  Xolarttae's  Voyage 
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for  if  pieces  of  live  corals  be  struck  off  by  the  breakers,  and 
thrown  over  into  ealm  water  or  holes,  they  iQonld  affix  themseliifl 
and  add  to  the  solidity  of  the  mass.*** 

171.  It  has  been  the  subject  of  curious  speculation  w^^ence  the  • 
coral  poly pifers. and  testaeeous  mollusca  can  obtain  the  vast  qoaii!- 
tities  of  carbonate  of  lime,  which  they  secrete  to  form  the  enve- 
jopes  by  which  they  are  protected.  Mr.  Bakewell  considers  it  as 
more  than  probable  that  they  hvive  the  extraordinary  faculty  of  pro- 
ducing* lime  from  sin»j)le  elements  ;|  and  Dr.  Macculloch  seems, 
disposed  to  imputf>  its  origrin,  in  the  same  manner,  to  the  influence 
^^(XM^  ^"^''SI*  combining  elementary  bodies.^:  If  this  were 
admted^tt  follow  that  the  quantity  of  lime  on  the  snrfiioe 
of  the  earn  ihost  be  progressively  increasing,  unless  it  be  sup- 
posed thiS|*other  natural  processes  are  regularly  taking  place  for 
the  decomposition  of  calcareous  eaith«  or  raUier  of  its  metallic 
basis,  calcium. 

172.  Mr.  Lyell,  in  opposition  to  this  doctrine,  says:  "We 
see  no  reason  for  supposincr  that  the  lime  now  on  the  surface,  or 
in  the  crust  of  the  earth,  may  not,  as  well  as  the  silex,  alumine, 
or  any  other  mineral  substance,  have  existed  before  the  first  orga- 
nic beings  were  created,  if  it  be  assumed  that  the  arranffsmenl  of 
the  inorganic  materials  of  our  planet  preceded  in  the  order  of  time 
the  intriMluction  of  the  first  organic  inhabitants. He  adds,  in 
Inference  to  the  abundance  of  carbonate  of  lime  furnished  by 
sprinrrs  which  rise  through  granite : 

173.  '*  But  if  the  carbonate  of  lime  secreted  b}'^  the  testacea  and 
corals  of  the  pacific,  be  chiefly  derived  from  below,  and  if  it  be  a 

•  Tcry  general  eifect  of  the  action  of  subterranean  heat  to  subtract 
calcareous  matter  from  the  inferior  rocks,  and  to  cause  it  to  ascend 
to  the  surface,  no  argument  can  be  derived  in  favour  of  the  pro- 
grefislTe  increase  of  limestone  from  the  magnitude  of  coral  reefs, 
or  the  greater  proportion  of  calcareous  strata  in  the  more  modem  * 
formations.  A  constant  transfer  of  carbonate  of  lime  from  the  in- 
ferior parts  of  the  earth's  crust  to  its  surface,  would  cause  through- 
out all  future  time,  and  for  an  indefinite  snoccssion  of  geological 
epochs,  a  prepondrrnnce  of  calcareous  matter  in  the  newer»  as 
contrasted  with  the  older  formations/ ^|| 

Earthquake  and  Vokanos^ 

174.  There  are  many  circnmstances  which  indicate  such  a  con- 
nexion between  earthquakes  and  volcanos,  as  may  warrant  the 

Wlint  different  cx)njectares  have  been  stated  in  regard  to  the  source  of 
the  materials  of  which  corals  are  composed  ?  How  may  the  abundance  of 
lioitt  on  or  n«ar  the  taHkce  of  the  earth  be  explamed  9 

*  De  la  Beche's  Geol.  Man.,  p.  1G5. 

t  See  Introdiietion  to  Geology,  Silliinim'e  ed.  p.  86. 

t  System  of  Geology,  voL  i.  |>.  219. 

$  Principles  of  Geology,  vol.  iii.  pp.  241,  849* 
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etacloflion  Uitt  ^ey  depend  on  Ae  mme  general  esaae.  Belb  these 
nhMuMMna  era  manifestly  owing  to  the  agency  of  sahtemBMn 
neat  Volcanic  eruptions  of  lava  in  a  state  of  igneons  fusioBy  of 
xsd-hot  stones  and  asheSv  and  of  colamns  of  steam,  afford  snffi* 
dent  evidence  of  the  very  high  temperature  that  must  subsist  in 
the  interior  of  the  earth.  The  phenomena  of  earthquakes,  alsQf 
which  seem  to  be  owing  to  the  sudden  expansion  of  gases,  va- 
pours, and  perhaps  of  solid  matter,  display  equally  characteristio 
effects  of  the  influence  of  internal  heat. 

175.  Earthauakes  and  volcanos  frequently  happen  St  the  same 
time;  and,  inoeed*  an  eraption  of  laTS  from  n  bltfning  monntain, 
even  wlien  comparatively  inconsiderablet  can  haidly  take  place 
:adthent  some  agitation  or  the  surface  of  the  surrounding  country ; 
efvery  Tolcanic  paroxysm,  therefoie,  is  probably  attended  with  an 
earthqnake,  and  the  extent  of  the  commotion  is  usually  propor- 
tioned to  the  violence  of  volcanic  action.  Those  countries  in 
which  there  are  volcanos  are  more  frequently  visited  by  earth- 
quakes than  such  as  are  distant  from  them.  But  the  latter  are  by 
no  means  exempt  from  such  visitations.  Indeed,  there  is  perhaps 
no  part  of  the  earth^s  surface  that  may  not  be  occasionally  shaken, 
though  there  are  many  in  which  the  ezperienee  of  ages  has  led 
the  inhabitants  to  regard  snch  phenomena,  so  iiur  as  lelatea  to 
themselves,  rather  as  objectB  of  curiosity  than  of  alarm. 

176.  Next  to  Uiose  countries  which  are  the  seats  of  open  or 
extinct  volcanos,  mountainous  districts,  and  especially  those  con- 
sisting of  primary  rocks,  are  the  most  freouent  scenes  of  earth- 
quakes ;  thouffh  secondary  and  tertiary  hills,  wide  level  tracts, 
marshes  but  Tittle  above  the  sea,  sandy  deserts  and  fertile  fields 
are  more  or  less  exposed  to  their  destructive  operation.  They 
occur  in  all  climates,  cold,  temperate,  or  tropical ;  as  is  also  the 
case  with  Tolcanos*  Both  kinas  of  phenomena  appear  to  be  more 
prevalent  near  the  sea«eoast  than  elsewhere;  thus  Syria,  &e 
coasts  and  islands  of  Asia,  America,  the  countries  bordering  on 
the  Mediterranean,  and  Iceland,  have  been  repeatedly  devastated 
by  them ;  while  the  plains  of  Asia,  Africa,  and  the  north  of  £a« 
rope,  experience  comparative  security. 

177.  The  occurrenee  of  earthquakes  is  by  no  means  unfrequent. 
Mr.  Lyell  observes,  that  Von  Hoff  has  published  from  time  to  time, 
in  a  German  journal,  lists  of  the  earthquakes  which  have  happened 
since  1821 ;  and  from  these  it  appears  that  every  month  has  been 
signalised  by  one  or  more  conTnisions  in  some  part  of  the  globe.* 

To  what  cause  are  earthquakes  nnd  volcnnos  to  be  referred! 

What  proof  have  we  of  the  justness  oi  that  supposition  ? 

In  what  parti  of  the  ^lobe  are  earthquakes  most  frequently  felt? 

What,  bcMidea  voleanie  countries,  are  frequently  visited  by  earUiquukes ' 

WImt  relation  appears  to  exist  between  inland  aud  maiitiQia distnoUl  in 
respect  to  the  frequency  of  their  occurrence  ? 

What  does  «diMrvation  prove  in  regard  to  the  periods  at  v^hich  earth- 
qaakM  take  plaoe  f 
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Hie  ncmemBB  of  earthquakes,  either  wheie  they  eie  common,  or 

where  they  are  slight  and  unfrequent,  has  not  been  observed  to 
take  place  at  any  particular  periods,  nor  to  be  influpnced  by  the 
seasons  of  the  year,  and  they  happen  sometimes  by  day  and 
sometimes  at  night,  and  in  various  states  of  the  atmosphere.* 

178.  The  principal  phenomena  of  earthquakes  consists  of  trem- 
blings and  vibrations  of  the  surface  oi'  the  earth,  extending  to 
various  dietances,  and  often  having  a  eertadn  direction.  These 
shocks  begin  in  geneval  with  elevations  of  the  ground,  followed 
by  horizontal  undulations,  and  in  some  instances  by  violent  irre- 
gular agitations,  and  by  vortical  or  gyratory  motions.  To  these 
may  be  added,  the  rending-,  slipping,  rising,  and  sinking  of  the 
soil  and  substrata;  the  sudden  retreat  of  the  sea,  and  its  impe- 
tuous return,  alternately  laying  bare  the  sands  and  beaches,  and 
in  its  tremendous  inroads  on  the  shores  sweeping  away  trees, 
buildings,  and  other  solid  masses ;  the  violent  agitation  of  lakes, 
which  sometimes  sink  into  the  earth ;  the  drying  up  or  bursting 
forth  of  springs  and  rivers ;  and  the  occurrence  or  iaiindations» 
from  the  fall  of  fragments  of  rook  or  soil*  which  may  blei^  up 
tiMir  channels. 

179.  The  distances  to  which  the  effects  of  earthquakes  extend 
are  very  great.  Thus  when  the  terrrble  catastrophe  of  Lisbon 
happened  in  1755,  the  shock  was  felt  not  only  over  nearly  the 
whole  of  Europe,  but  also  in  the  West  Indies.  The  earthquake 
which  visited  the  coas<  of  Chili,  November  19th,  1B22,  is  said 
to  have  been  felt  simultaneously  throughout  a  space  of  1200 
miles  from  north  to  south.  And  in  the  same  year  Aleppo,  in 
Syria,  was  destroyed  by  an  earthquake,  the  influence  of  which 
extended  from  the  banks  of  the  Euphrates  to  the  island  of  Cy- 
prus, in  the  vicinity  of  which  two  rocks  are  stated  to  have  risen 
from  the  sea. 

180.  The  duration  of  shocks  has  been  variously  estimated,  from 
a  few  seoonds  to  more  than  two  minutes*  It  is  probable,  however. 

What  influence  has  season,  toeoMer  or  time  of  day  upon  their  recurrence? 
Whiat  are  the  kindi  of  motion  felt  during  oarlliquakest 
How  extensive  are  their  eflfooti  when  most  violent! 


•  "  It  has  been  considered  that  earthquakes  are  presaged  by  certain 
atmospheric  appearances ;  but  it  may  be  quesiionable  to  what  extent  this 
supposition  if  correct  Historians  of  earthquakes  leem  to  have  heen 
gaoerally  desirous  of  producing  effect  in  their  descriptions,  adding  all  that 
could  tend  to  heighten  the  horror  of  the  picture.  They  have  not  always, 
moreover,  been  anxious  or  able  to  separate  accidental  from  essential  circum* 
stances.  As  ftr  as  my  own  experience  goes,  which  is,  however,  limited  to 
four  earthquakes,  the  atmosphere  seemed  little  affected  by  the  movement 
of  the  earth,  though  I  should  be  far  from  denying  that  it  may  be  so,  for 
we  can  scarcely  imagine  such  movements  to  arise  in  the  earth  without 
some  modification  or  change  of  its  usual  state  of  electricity,  which  would 
tikct  the  atmosphere.  If  animals  be  generally  sensible  of  an  approaching 
shock,  (as  has  been  asserted,)  it  might  arise  m  well  from  electrical  changes, 
as  fiom  the  sounds  which  they  may  be  supposed  capable  of  distinguish' 
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that  sinrrle  agitations  seldom  last  more  than  half  a  minute,  and  are 
often  of  shorter  duration  ;  as  may  be  rnnrluded  from  the  remarks 
of  ohservers  on  those  slighter  shocks  which  occur  in  situations 
where  the  apprehension  of  danger  is  not  likely  to  distract  the 
attention.  '1  liough  the  shocks  are  sometimes  singula,  yet  it  more 
^frequently  happens  that  they  recur  lapidly  at  various  iniervala ; 
ana  in  ▼oleanie  distriets  especially,  they  have  been  repeated  oc- 
castonallv  for  months  or  years.  The  famous  eartfaqualce  that 
desolated  Calabria,  in  Italy,  and  extended  across  the  strait  to 
Messina,  commenced  in  February,  1783, and  the  shocks  continued 
till  the  close  of  1786. 

181.  AmoDg  the  phrnoniena  caused  by  shocks,  there  are  few 
more  singular  than  those  w  hich  result  from  the  gyrations  or  rota- 
tory movements,  which  have  been  already  noticed.  During  the 
earthquake  of  Catania,  the  general  direction  of  which  was  from 
sooth-east  to  north-west,  many  statues  were  turned  round  on  tlieir 
pedestals,  and  a  large  mass  of  rock  was  turned  25**  from  the  south 
towards  the  easL  The  same  effect  was  more  remarkably  observa- 
ble during^  the  earthquake  at  Valparaiso,^ in  November,  1822, 
when  many  houses  are  reported  to  have  been  turned  round,  and 
three  palm  trees  were  found  twisted  together  like  the  strands  of  a 
rope.  Etirihquakes  are  almost  always  preceded  by  unusual  agi- 
tations of  the  waters  of  the  sea  and  of  lakes  ;  and  springs  some- 
times send  forth  torrents  of  fetid,  dark  mud.  A  noise  immediately 
precedes  the  shock,  which  has  been  desciibed  as  resembling  the 
dragging  of  loaded  waff^ons  rapidly  over  a  rough  pavement,  an 
irregular  but  sudden  discharge  of  batteiies  of  cannon,  or  Che 
rushingf  of  a  hurricane. 

182.  The  phenomena  of  slight  shocks  are  probably  in  general 
very  similar  to  those  which  were  noticed  in  England  in  1797.  A 
person  who  was  in  bed  at  Gloucester,  about  midnight,  and  hap- 
pened to  be  awake,  observed  an  undulation  of  the  surface  of  the 

round,  extending  from  south-west  nearly  to  north-east,  and  the 
edstead,  which  was  placed  in  that  direction,  seenied  to  be  slightly 
raised  from  foot  to  head,  and  sink  again  with  a  wave-like  motion  ; 
while  the  agitation  was  suHicient  to  cause  the  sashes  of  the  win- 
dowa  to  rattle,  much  in  the  same  manner  as  they  do  in  consc' 
quence  of  the  passing  of  carriages  through  streets  where  tiie 
excavations  for  vaults  and  sewers  extend  beneath  the  surface ;  and 
it  Mras  reported,  that  in  some  houses  in  Gloucester,  plates,  dishes, 
and  other  articles  were  thrown  down  from  the  shelves  on  which 
they  had  stood.    Tlie  whole  lasted  not  more  than  a  few  seconds. 

183.  Before  we  })r()(^eed  to  cotisider  the  influence  of  earthquakes 
in  modifying  the  surface  of  the  earth,  and  the  difierent  opinions 

What  is  the  ordinary  duration  of  the  motion  produced  by  this  occur- 
rence ? 

What  singular  movement  in  bodies  produced  by  earthquake!  has  been 
observed  to  lake  place  ? 
What  indicationa  of  approaching  earihquakeeara  afibrded  by  the  ocean  t 
What  kind  ol'flounda  are  most  frequently  observed  to  attend  their  ahoekf 
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that  have  been  aAvanced  as  to  the  extent  and  importance  of  their 
effects,  it  will  be  Teqnisite  to  take  some  notice  of  vdcanoB, 

which  they  are  so  intimately  connected*  The  general  description 
of  volcanos  is  that  of  openings  in  the  crast  of  the  earth,  throu^ 
which  are  ejected*  from  time  to  time^  various  gases,  cinders,  ashes, 

stones,  and  streams  of  lava,  composed  of  red-hot  melted  rocks. 
Vrom  the  accumulation  of  matters  thus  dischart/ed,  conical  emi- 
nences are  formed,  with  funnel-shaped  cavities  called  craters  ;  and 
they  generally  occupy  the  summits  of  isolated  peaks  or  mountains. 
184.  Volcanos  occur  in  all  quarters  of  the  globe,  and  are  often 
'  distributed  in  groups  over  wide  areas ;  as  in  the  volcanic  band 
which  includes  Sumatra,  Java,  the  Moluccas,  and  the  Philippine 
islands;  and  the  line  of  the  Andes  in  America,  extending  trom 
Chili,  or  perhaps  from  Terra  del  t'uego,  to  Mexico.  They  are 
often  found  near  the  shores  of  continents,  or  in  islands ;  and  henoe 
it  has  been  supposed  that  they  have  some  necessary  connexion 


occur,  though  more  rarely,  at  g;reat  distances  from  the  ocean,  or 
any  considerable  body  of  salt  water. 

185.  Volcanic  mountains  differ  greatly  in  heifrht.  That  of  Esk 
mount,  in  Jan  Mayen's  island,  between  70°  40'  north  latitude  and 
71^  S%  is  but  1500  feet  above  the  sea-beach,  in  Jameson's  bay ; 
Vesuvius  is  3933  ibet  above  the  level  of  the  sea ;  Hecla,  in  Ice- 
land, rises  to  the  height  of  5000  feet;  and  that  of  Etna,  in  Sicily, 
is  10,870  feet:  hut  the  loftiest  mountains  are  those  of  the  Andes$ 
as  Piohincha,  the  height  of  which  is  about  15,931  feet;  Coto- 
paxi  has  an  elevation  of  IS,R()7  feet,  and  Antisana  attains  that  of 
19,136  feet.  Volcanos  occur  in  various  latitudes,  from  Greenland 
and  Kamlschalka  to  Sumatra  and  Colunibia;  nor  is  the  sea  by 
any  means  exempt  from  them,  numerous  islands  having  at  ditfcr- 
ent  j)eriods  been  raised  by  volcanic  action  from  the  bed  of  the 
ocean  in  different  parts  of  the  world,  some  of  which  have  remained 

Eermanently  above  the  waves,  though  most  of  those  whose  ori|^n 
as  been  noticed  have  subsequently  sunk,  forming  only  submarine 
reeis  and  sandbanks.* 

186.  The  number  of  the  volcanos  now  occasionally  in  activi^ 
has  been  stated  by  some  to  be  about  two  hundred;  though,  accord- 
innr  to  others,  they  amount  to  ratlier  more  than  three  hundred,  in- 
cluding solfataras,  or  smoking  volcanos.  But  besides  those  from 
which  eruptions  have  issued  within  the  period  to  which  our  records 
extend,  there  are  many  extinct  volcanos,  of  which  abundant  traces 
remain  in  several  countries.    Thus  in  France,  the  territorieti  of 

What  is  meant  by  the  tenn  toieamtf 

How  are  volcanos  distributed  over  the  surface  of  ihc  earth f 

At  what  difft'rent  elevationa  do  ihey  occur? 

What  number  of  active  volcanos  has  been  ascertained  to  exist! 


*  For  an  interesting  account  of  a  volcano  in  the  island  of  Hawaii,  (or 
Owhyhcn.)  the  reader  is  referred  to  Silliman's  Am.  Journal  of  ScMlllie  vol 
IX.,  p.  iititi  i  and  vol.  zzv.,  p.  VJ*X—Eu. 
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with  the  sea. 


shown,  that  they  also 
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Attwergne^  Vivmitt  sad  tlw  OeTOmes*  eiiiibiteMiieal  moiuitaiiiif 
Mnpotfed  of  lava^  teoiitSt  aed  Tolcanic  ashes ;  and  io  some  ai 
them  the  forme  of  (be  craters  may  still  be  discovered.  The  dis* 
trict  around  the  town  of  Olot,  in  Catalonia,  and  Uiat  of  the  £ifel 

and  the  Lower  Rhine,  in  Germany,  present  similar  appearances. 

187.  Some  volcanos  are  perpetually  active,  as  is  the  case  with 
that  of  Stromholi,  in  the  Mediterranean.  It  is  mentioned  by  Pliiiy ; 
and  there  is  reason  to  believe  that  its  eruptions  have  been  almost 
incessant  durintr  the  last  two  thousand  years.  According  to 
Dolomieu,  its  crater  does  not  exceed  fifty  paces  in  diameter.  I 
aaw  it  dait,"  eaye  that  writer,  daiiaff  the  night,  at  regalu  intejr* . 
▼ala  of  aeren  or  eight  nunntee,  ignitea  atonea,  whieh  rose  to  the 
helffat  of  moia  than  100  feet,  forming  radii  a  little  diverging ;  bat 
of  whieh  the  giaater  number  fell  into  the  crater,  while  others  rall^ 
ed  even  to  the  sea.  Each  exploatoo  was  aoconiraDied  with  a  bniat 
of  red  flame."  Mr.  G.  P.  Scrope,  from  personal  observation  on 
this  volcano,  states,  that  *'  there  evidently  exists  within  and  below 
the  cone  of  Siromboli,  amass  of  lava,  of  unknown  dimensions,  per-  . 
manently  liquid,  at  an  intense  temperature,  and  continually  tra- 
versed by  successive  volumes  of  aerifom  fluids,  which  escape  from 
its  surface — thus  ureeentiog  exactly  all  tlie  characters  of  a  liquid 
la  ooBStant  eballitum.*** 

188.  Among  thoae  which  aaay  be  a^led  intermitting  voleanoa^ 
the  most  important  are  found  amidat  the  Andes.  Cotopaxi  ia  tha 
leliieet  of  tlMae  banung  mountains,  from  which,  at  recent  epo<^ia» 
eruDtions  have  proceeded.  It  ia  alao  the  most  dreadful  of  all  thoae 
in  Quito,  and  subject  to  the  most  frequent  destructive  explosions. 
The  mass  of  scoria?,  and  the  huee  fragments  of  rocks  thrown  out  of 
this  volcano,  cover  a  surface  of  several  square  leagues,  and  would 
form,  were  they  heaped  together,  a  colossal  monntain.  In  1758, 
the  flames  rose  2900  feet  above  the  brink  of  the  crater.  In  1744, 
the  roaring  of  the  volcano  was  heard  on  the  borders  of  the  Magda- 
lena,  a  diatanee  of  abom  200  leaffaea.  On  the  4th  of  April,  1768, 
the  aimnti^  of  ashes  ejeclad  by  the  Toleano  was  so  great  that  ike 
inbabltanta  of  the  towna  of  Hambato  and  Tacunga,  were  obliged 
to  use  lanterns  to  walk  the  atreets  at  noon  day.  The  explosion, 
which  took  place  in  January,  1803,  was  preceded  by  the  sudden 

^  melting-  of  the  snows  that  covered  the  mountain.  For  twenty  years 
before,  no  smoke  or  vapour  had  been  observed  to  issue  from  the 
crater;  and  in  a  single  night,  the  subterraneous  fire  became  so 
active  that  at  sunrise  the  external  walls  of  the  cone  were  heated 

Where  have  extinct  volcanos  been  observed  ? 

What  distinction  has  been  founded  on  the  periods  of  activity  m  vol^ 

canos? 

What  example  of  constantly  acting  volcanos  can  be  given  ? 

Where  are  the  most  important  intermitting  volcanos  found  ? 

Whet  feneifcahle  evento  have  Jbeen  observed  in  the  eniptiiMis  ef  Cblo* 
peauf 


*  ConaideiatioDs  on  Volcanos,  by  G.  F.  Sciope,  F.  R.  a 
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to  moh  ft  temperatoie  as  to  appear  quite  iiaked»  and  of  ihB  daSi 

ooloar  characteristic  of  Titrified  scoriae.* 

189.  One  of  the  most  dreadfal  ?olcanic  eniptioDS  on  record,  is 
that  which  occured  in  the  mountain  of  Tomboro,  in  the  island  of 
Sumbawa,  eastward  of  Java,  in  April,  1815.  It  commenced  on  the 
5th  of  April,  was  most  violent  on  the  11th  and  12th,  and  did  not 
cease  entirely  till  July.  Out  of  a  population  of  twelve  thousand 
persons  only  twenty-six  escaped  destruction.  Violent  whirlwinds 
swept  away  men,  horses,  cattle,  and  every  thing  wliich  came 
within  their  f  ortex,  tore  ep  Ibe  teiseet  trees,  and  coTeted  the  aeigh- 
boarinff  aea  witli  floadi^  timber.f  Laige  Icaets  of  lead  weie  inin* 
dated  by  lava,  aeroTal  atreama  of  which  issuing  froaii  the  eialary 
reached  to  the  sea.  Vaat  cloods  of  voloaiiie  doal  and  ashes,  as  be- 
fore mentioned,  were  conveyed  to  iaiBiense  distances,  blackening 
the  air,  and  for  n  time  pclipsinpf  the  snn.  The  floating  cinders  to 
the  westward  of  Sumatra,  formed  on  the  12th  of  April  a  mass  two 
feet  in  depth,  and  several  miles  in  surface,  throngh  which  shipa 
with  difficulty  forced  their  way. 

190.  A  captain  of  a  ship,  who  was  at  Macassar  on  the  11th  of 
April,  says :  By  noon,  the  liffht  that  had  remained  in  the  eastern 
part  of  tluB  horizon  diaappeaied,  aad  complete  darkaaaa  had  oovai^ 
ed  the  fiiee  of  day:  got  decka  were  aoon  coFmd  with  felling  mt^ 
tor ;  the  awnings  were  spread,  fore  and  aft,  to  pievent  it  aa  rnueh 
as  possible  from  getting  below;  but  it  was  so  liglit  and  aabtiloy 
that  it  pervaded  every  part  of  the  ship.  The  darkaeaa  waa  ao  pro* 
found  through  the  remamder  of  the  day,  that  T  never  saw  any  thing 

•  equal  to  it  in  the  darkest  night ;  it  was  impossible  to  see  your  hand 
when  held  up  close  to  the  eye.  The  ashes  continued  to  fall  with- 
out intermission  throuo^h  the  night.  At  six  o'clock  the  next  morn- 
ing, when  the  snn  ought  to  have  been  seen,  it  still  continued  as 
dark  as  ever ;  but  at  half  past-seven  I  had  the  satisfation  to  per- 
eme  that  the  darkaeaa  ementiT  decreased,  and  by  eight  I  conld 
ISdntty  discern  objecta  on  the  deck.  From  thia  time  it  began  to  get 
lighter  Tcry  fast,  and  by  ba1f*pa8t  nine  the  shore  was  distingaieh- 
i^Ie ;  the  ashes  falling  in  conaiderable  qnaatitiea,  thongh  not  ao 
heavily  as  before." 

191.  "  The  appearance  of  the  ship,  when  daylight  returned,  was 
most  extraordinary ;  the  masts,  rigging,  deck,  and  every  part 
being  covered  with  the  falling  matter;  it  had  the  appearance  of 
calcined  pumicestone,  nearly  the  colour  of  wood  ashes ;  it  lay  in 

What  meteorological  occurrences^ttendod  the  eruption  of  Tomboro  ? 
What  account  has  been  given  of  the  extant  and  depth  of  the  darkness 
pioduoed  hy  the  floating  cindenf 


*  Edinburgh  Review,  vol.  xxiv.  p.  14S;  from  Humboldt't  Hssearchas 
oonceminff  America. 

t  For  a  meoiy  of  tomadoi,  referring  them  to  a  disturbance  of  atmospherio 
cgniUbrium  by  the  ooodemation  of  vapour  and  the  consequent  heatiag 
or  superior  strata  of  air,  causing  strong  ssoending  eonentm  sse  Ae  snbia» 
quent  treatise  on  meteorology. — £o. 
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heafMi  of  a  foot  in  depth  in  many  parts  of  the  deek,  amd  I  am  oon- 
▼inoed  several  tons  weight  were  thrown  overboard  ;  for  althoagh 
a'peiliBOtly  impalpable  powder  or  dust  when  it  fell*  it  was,  when 
compresf?pd,  of  considerable  weight.  A  pint  measure  filled  with 
it  weinrhed  12^  ounces ;  it  was  pprfoctly  tasteless,  and  did  not  effect 
the  eypH  with  any  painful  sensation  ;  it  had  a  faint,  burning  smell, 
but  nothinrr  like  sulphur.  By  noon,  on  the  r2th,  the  sun  again 
appeared,  hut  very  faintly,  through  the  dusky  atmosphere,  the  air 
still  bi'ing  charged  with  the  ashes,  which  continued  to  fall  lightly 
all  that  day  and  the  succeedinj?  one." 

199.  AloQff  Iho  aoa-coatt  of  SnmbanMnit  and  the  nelfffabonring 
Islands,  the  water  rose  suddenly  from  two  to  twelve  feet,  ereat 
waTea  nishing'  np  the  estuariesi  and  again  retreating.  At  Bima, 
about  40  miles  westward  of  the  yoleano,  tfaovgh  the  wind  was  ati);! 
during  the  whole  time  of  Uie  eruption,  the  sea  rolled  in  upon  the 
sliorp  and  filiod  thp  lower  parts  of  the  houses  with  water  afoot  deep. 
Every  prow  and  boat  was  driven  from  it>^  anchorage,  and  thrown 
ashore.  The  perpendicular  depth  of  the  ashes  that  fell  here  was 
found  to  be  3j  inches.  The  noise  of  the  explosions,  as  heard  from 
this  place  on  the  14th,  is  said  to  have  been  most  terrific,  resem- 
bling the  reports  of  a  heavy  mortar  fired  close  to  the  ear.  The 
town  ealled  TomborOf  on  the  western  side  of  the  yolcano,  was 
overflowed  by  the  sea,  which  encroached  npon  the  shore  at  the 
foot  of  the  mountain,  so  as  to  leave  the  land  permanently  sub- 
merged to  the  depth  of  18  feet.* 

193.  ''The  chanffes  produced  by  such  eruptions  as  that  here 
recorded,  would,  inoependently  of  the  alteration  in  the  shape  of 
the  volcano  itself,  and  of  the  streams  of  lava  which  flowed  from 
it,  extend  to  very  considerable  distances.  On  the  dry  land,  vege- 
tables and  animals  would  be  entombed  beneath  stones  and  ashes, 
the.  quantity  of  the  covering  matter  probably  increasing  with  the 
proximity  of  the  volcano*  And  if  it  should  chance,  as  sometimes 
happens*  that  the  aqueous  vapours  discharged  firom  the  volcanic 
vent  were  suddenly  GondenMd,f  the  torrents  produced  would 
sweep  away  not  only  the  looser  ]tarts  of  the  volcano,  but  also  the 
plants  and  animals  which  they  might  encounter,  imbedding  them 
m  a  thick  mass  of  alluvial  matter.  The  vegetable  and  animal 
substances  enveloped  by  the  discharged  ashes,  cmders,  and  stones, 
falling  into  the  sea,  would  be  both  marine  and  terrestrial  ;  and  a 
very  curious  mixture,  so  far  as  regarded  its  ortranic  contents, 
would  be  observed :  trees,  men,  cattle,  fish,  corals,  and  a  great 

What  sensible  qualities  were  poiMMed  by  the  cinders  which  fell  on 
that  occnsion  ? 

How  was  the  sea  affected,  and  what  evidence  have  we  that  it  arose  from 
other  than  the  ordinanr  causes  f 

What  important  geological  phenomena  may  result  fiom  such  oceunences 
asatTomboro? 


♦  Brande's  Journal  of'Scienco,  vol.  i.;  Hist  of  Java,  by  Sir  T.  S>  Aaffles 
vol.  i.  p.  28,  &c. ;  Life  of  Sir  T.  8.  Kaffles. 
t  See  note  on  preceding  ppge. — Kd, 
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▼aiiety  of  marine  remains,  would  be  incased,  and  it  might  so 
happen  tlitt,  botk  on  the  lan4  tnd  In  the  sea,  a  bed  of  leva  might 
cover  eoeh  acoamulattons."* 

194.  The  quantity  of  solid  matter  ejected  from  eome  voleanos 
ia  immeaaely  great.  Vesavius,  Etna,  and  other  yolcaoic  mooor 
tains  have,  at  different  times,  discharged  lava,  cinders,  and  ashes, 
the  total  bulk  of  which  would  at  least  equal  that  of  the  mountains 
whence  they  issued.  During  one  eruption  of  Etna,  an  area  150 
miles  in  circumference  is  said  to  have  been  covered  with  a  stratum 
of  volcanic  sand  or  ashes  12  feet  deep.  In  1775,  the  same  xolcano, 
according  to  Dolomieu,  poured  out  a  stream  of  lava  12  miles  in 
length,  in  breadth,  and  200  feet  in  thickness.  That  writer  also 
states,  that  some  of  the  etunents  of  lava  from  Etna  are  10  lesgnea 
in  length,  and  3  in  breadth.t  Bat  the  most  extensive  known  env^ 
rent  of  modem  lava  appears  to  be  that  formed  by  a  volcano  in 
Iceland,  in  1783,  which  is  60  miles  lon^,  and  12  broad,  equalling 
in  extent  any  continiious  rock  formation  m  Encrland.:):  The  surface 
of  the  country  for  many  leagues  round  Naples  seems  to  be  com- 
posed of  volcanic  matter.  Herculaneum  and  Pompeii,  which  were 
covered  by  vast  showers  of  ashes  during  the  first  recorded  eruption 
ot  Vesuvius,  A.  U.  79,  when  they  were  partially  disinterred  in  . 
the  course  of  the  last  century,  were  ascertained  to  have  been 
fonnded  on  a  Tolcanic  rocki  and  their  stceets  were  paved,  and 
soma  of  their  buildings  constructed  of  blocks  of  lava,  of  uncertain 
but  early  origin.  ^ 

195.  The  present  cone  of  Vesavius  is  supposed  to  have  been 
formed  since  the  eruption  jnst  mentioned,  and  the  more  ancient 
lavas  to  have  flowed  from  the  adjacent  mountain,  now  called 
Somma.  Near  Puzzuoli,  on  the  coast  of  the  bay  of  Baise,  a 
mountain  was  thrown  up  suddenly,  September  29,  1538,  after 
repeated  shocks  of  earthquake.  Its  present  height  is  440  feet  - 
above  the  level  of  the  sea ;  and  it  is  about  1^  miles  in  circum- 
ference. This  volcanic  cone  is  called  monte  Nuovo ;  and  at  a 
short  distance  from  it  is  another  of  more  ancient  date,  and  larger 
dimennonsy  named  monte  Barbaro. 

196»  The  phenomena  of  submarine  voleanos  resemble,  in  many 
leapects,  those  of  anb-aerial  ydeanos ;  the  chief  difference  consist- 
ing- in  the  more  copious  emission  of  aqueous  va*pouT  and  gases, 
and  in  the  formation  of  temporary  or  permanent  islands.  It  ia 
probable  that  Owhyhee,  and  many  other  islands  in  the  Pacific, 
were  formed  in  this  manner;  as  also  the  Canary  islands,  the 
Azores,  and  several  otbers.§  SuQh  likewise  was  the  origin  of  the 

« 

What  striking  facts  illustrate  the  force  and  duration  of  volcanic  actions? 
What  evidence  have  we  that  Herculaneum  and  Pompeii  were  not  de- 
stroyed by  the  firal  eruption  of  Vesuvius? 
What  eziuiet  voleanos  are  fbend  in  Italy  f 

*  De  la  Beche's  Geol.  Man.  p.  132. 

t  Mteioif  rar  let  Idea  Pooeaa^  dw.  p.  160. 

i  Bakeweirs  Introd.  to  Geol.,  p.  378. 

j^fieo  tlis  u&mMb  10  Am.  Jounwi  gf  Sdiiiet^  en  Ml* 
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Lipari  islands,  a6  wo  IsfOm  flrom  Uatorjr ;  and  of  sonift  of  those  in 
the  Grecian  archipclagOt  where  a  new  island  arose  in  1707,  called 

Nea  [New]  Kaimrni,  near  Sanlnrin,  which,  as  well  as  some  of 
those  adjacent,  was  thrown  up  at  a  more  remote  period.*  Among 
the  numerous  instances  on  record  of  islands  produced  by  subma- 
rine vulcanos  which  have  subsequently  sunk  beneath  the  surface 
of  the  water,  one  of  the  most  recent  occurrence  was  that,  the 
elevation  of  which  took  place  in  July,  1831,  between  the  island 
of  Pantellaiia  and  tbe  coast  of  Sicily.  This  has  been  cireumstan* 
ctally  described  by  different  observers ;  but  for  the  highly  inter- 
estiiig  details  we  mast  refer  to  the  annexed  authorities.j 

197.  Some  volcanos  eject  only  gases  and  Tappurs,  and  these 
are  called  solfataras,  or,  where  the  cones  are  very  small, /w/nflro/ip, 
and  in  Mexico,  hornitoH ,-  others  send  forth  torrents  of  water  and 
mild,  as  is  the  case  with  the  volcano  of  Macalubba,  in  Sicily,  and 
frequently  with  the  volcanic  peaks  of  the  Andes ;  but  the  more 
usual  products  of  volcanic  action  are  streams  of  lava,  and 
showers  of  scoria*,  sand,  and  ashes,  accompanied,  however,  by 
clouds  of  steam  and  gas.  As  to  the  composition  of  lavas,  exact 
information  is  wanting.  However,  Mr.  Phillips  says,  *^  it  is  nearly 
certain  that  feldspar  and  aogite  are  the  principal  ingredients,  and 
*tliat  the  colour  or  the  lava  is  dependent  on  the  prevalence  of  the 
one  or  the  other. 

108.  ^^The  minerals  which  are  discoverable  as  entering,  in 
notable  proportion,  into  the  composition  of  volcanic  masses,  are 
very  few  ;  as  feldspar,  compact  feldspar,  augite,  hornblende, 
oxidulous  iron,  olivine,  mica,  leucite ;  other  minerals,  indeed, 
are  found  in  their  cavities,  but  these  can  scarcely  be  said  to  enter 
into  the  composition  of  the  rock." — *'  It  is  remarkable,  that  quartz, 
SO  extremely  abundant  in  rocks  of  which  the  composition  is  not 
snspectedLto  be  of  volcanic  origin,  is  scarcely  ever  fbnod  in  siich 
as  are  decidedly  volcanic.*'^  It  must,  however,  be  obsmed  that 
Mr.  Ponlett  Scrope  enumerates  among  volcanic  rocks,  quarts- 
iferous  trachyte,  containing  numerous  crystals  of  quartz ;  and 
siliceous  trachyte,  having  much  silex  in  its  composition. § 

199.  As  to  the  causes  of  volcanos  and  earthquakes,  various 
opinions  have  been  proposed,  some  of  which  appear  to  be  quite 
inconsistent  with  the  effect  produced.  Thus  Werner  and  hie  die- 

* 

In  what  porticulars  do  Bubmarine,  differ  from  other  volcanos  ? 

What  striking  examples  of  this  kind  of  volcanos  are  ibund  in  diflferent 

parts  of  the  ulobo? 
To  what  is  liie  term  solfatara  applied  ? 

What  mineral  ingredients  are  most  abundant  in  the  matter  ejected  from 
volcanos  f 


♦Lyoll's  Prin.  of  Geo!.,  vol.  li.  pp.  151—155. 

t  Philos.  Trnnsuclions  for  1833;  Journal  of  Geographiral  Society,  1831^ 
Annales  des  Sciences  NatHre11es»  torn,  xxiv.;  aiu  LyelPs  Principles  o| 

Geology,  vol.  ii.  pp.  145 — 150. 

X  Outlines  of  MinernloKy  and  Gcolocry.  p.  2CA. 
«  QiMrteriy  Journal  of  Science,  vol.  xxi.  1826 
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cuplei  aUribated  them  to  tli«  spontafiddln  eomlMBticMi  of  beds  of 
coal  ;^  and  others  imputed  theif  origin  to  the  Inflainniation  of  vaaf 
repositories  of  Bulphur  or  petroleum,  e<dlected  in  caverns  of 
the  earth ;  and  the  experimeat  of  I^amery,  noticed  elsewhere^* 

has  been  allejrcd  as  nffordinq-  an  explanation  of  the  manner  in 
which  sulphur  and  iron  minhi  take  fire  when  buried  in  the  earth. 
A  more  plausible  hypothesis  was  proposed  by  JSir  H.  Davy,  who 
having  discovered  that  potash  and  soda  were  the  oxides  of  highly 
inflammable  metals,  which  become  oxidated  with  the  extrication 
of  abundance  of  heat  when  they  come  in  contact  with  water, 
sought  to  explain  volcanic  phenomena,  by  imagining  tbe  exislence 
of  large  quantities  of  the  metallie  bases  of  the  alkalis  withm 
the  boiiirels  of  the  earth,  and  their  sudden  oxidation  tluroagh  the 
access  of  sea-water  to  the  cavities  in  which  they  were  contained* 
This  theory  has  been  adopted  and  advocated  recently  by  Dr.  Dau- 
beny,  in  his  **  Description  of  Active  and  Extinct  Volcanos  but  it 
seems  inadequate  to  the  full  development  of  the  afrency  on  which 
the  vast  power  and  extensive  intiuence  of  these  phenomena  de- 
pends. ^ 

200.  Earthquakes  asid  volcanos  may  be  supposed  to  have  a 
common  origin,  since  volcanic  eruptions  are  generally  preceded 
by  agitations  of  the  surface  of  the  earth,  such  as  would  neeesssp 
rily  be  caused  by  the  efforts  of  heated  and  expanded  fluids,  eidief 
liquid  or  gaseous,  and  especially  of  the  latter,  embowelled  in  the 
earth,  to  escape  through  the  superincumbent  strata.  It  is  true, 
that  earthquakes  happen  frequently  in  countries  where  there  are 
now  no  volcanos,  atid  it  mav  be  admitted,  that  they  sometimes 
are  neither  accompanied  nor  followed  by  volcanic  eruptions;  but 
this  only  proves,  that  the  elnstic  force  of  expansive  fluids  confined 
within  the  earth,  may  not  always  be  sufficiently  powerful  to  over- 
come at  once  the  resistance  to  their  exit,  and  therefore  they 
cause  concussions  of  the  surface ;  and  accordingly  it  has  been  06- 
eenred,  that  repeated  earthquakes  durinff  longer  or  shorter  pe- 
riods have  frequently  preceded  violent  voicante  eruptions* 

201.  If,  then,  eartliquakes  and  volcanos  depend  on  tiie  same 
causes,  the  source  of  these  phenomena  must  be  very  deeply  seated 
below  the  earth's  surface:  fir  thoutrh  volcanos  might  be  regard- 
ed as  confined  to  certain  localities,  the  action  of  earthquakes 
seems  to  be  almost  unlimited,  since  these  concussions  of  the  sur- 
face have  been  felt  over  nearly  half  the  globe.  Mr.  Bakewell,  in 
reference  to  the  earthquake  of  Lisbon,  the  shock  of  which  was 
perceived  in  the  United  States  and  the  West  Indies,  observes, 
that  '*the  cause  which  could  effect  a  simultaneous  concussioa 
over  such  a  vast  extent,  must  probably  have  been  seated  nearly 

Whnt  different  theories  have  been  adopted  to  account  ibr  volcanic  phe- 
nomena ? 

What  circumstances  indicate  that  earthquakes  and  volcanos  pioeeed 
Aom  8  common  cause! 

*  See  Treatise  on  CkemiMtry. 
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midway  botwea  tiie  centre  of  th»  i^obe  and  its  surface/'* 
9iiieh  widdy  actinff  power  cannot  nasonably  be  ascribed  to  the 
topical  agency  of  chemical  affinities  ;  and  hence  some  bold  specu- 
lators have  inferred,  that  these  phenomena  are  connected  with  the 
central  fire,  or  rather  with  the  candescent  matter  supposed  to  exist 
in  the  interior  of  the  earth.  Volcanos,  therefore,  are  considered 
as  safety-valves,  by  means  of  which  some  portions  of  the  sub- 
stances in  fusion  which  form  the  internal  mass,  escape  from 
time  Ip  time,  wiUi  tidence,  to  flow  over  the  surface  of  the  soil.f 

909»  The  electrie  infloeDce*  whatever  may  he  its  natore^  cannot 
hut  be  oonaidered  as  one  of  the  most  powerfully  active  causes  of 
tiie  chants  which  have  at  former  periods  been  produced  in  the 
surface  of  the  earth  as  well  as  of  those  which  are  now  in  progpress. 
But  notwithstanding  the  discoveries  which  have  been  recently 
made  relative  to  electricity,  and  its  connexion  with  magnetism, 
we  are  still  too  little  acquainted  with  its  mode  of  action  to  be 
enabled  fully  to  appreciate  the  extent  of  its  operations. 

203.  There  can  be  no  doubt  but  the  chemical  combinations  and 
decompositions  of  bodies  on  the  surface  of  the  earth  must  be  greatly 
InfliienoBd  atmospheric  eleetrici^ ;  and  there  is  some  leaaon 
for  eondudmg  that  subterranean  phenomena  may  defend  on 
its  mysterious  agency.  **Now  the  identity  of  magnetism  and 
electricity  seems,  in  roanv  respects,  to  be  establishes^  it  may  de- 
serve consideration,  whether  an  interruption  to  the  magnetic  or 
electric  currents  which  circulate  through  the  earth,  may  not  some- 
times occasion  earthquakes  acting  almost  instantaneously  under 
large  portions  of  the  globe.  If,  as  some  philosopher^  maintain, 
there  is  a  central  fire  under  every  part  of  the  globe,  or  if  certain 
spaces  only  are  filled  with  ignited  matter,  we  can  scarcely  doubt 
tnat  chemical  Gauges  are  taking  place,  which  will  also  change 
the  eleotrtcal  relations  between  the  mineral  beds.  A  eerier  of 
straU  may  act  like  the  plates  of  an  immense  Voltaic  battery,  and 
discharge  the  electricity  from  one  int^nal  part  of  the  globe  to 
another,  exciting  vibrations  that  may  agitate  a  whole  hemis- 
phere/'t 

204.  Researches  concerning  the  extent  and  importance  of  the 
modifications  of  the  earth's  surface,  which  have  ref^ulted  from  the 
action  of  existing  causes,  have  led  diiferent  philosophers  to  dis- 
cordant coQciusioQS  relative  to  the  natare  of  that  agency  which 

At  what  depih  beneath  the  surface  must  thftt  c&OBe  be  seated  ? 
How  does  this  appear? 

In  whsjt  light  are  VQlosnos  to  foe  oensideiad  hi  lafemee  to  hilmal 

fires? 

Which  of  thiS  imponderable  agents,  besides  hear«  is  probably  coniiemed 
ia  produciBff  the  changes  now  in  progrest  on  tfie  globe  f 

What  analogy  has  been  JuppoMd  to  exist  betwesn  terMetrisl  strata  and 
V<Mtaic  platssj 

*  Introduction  to  Geology,  p.  373. 

t  B«rtmjid  Lctlre«  snr  les  Rev.  du  Globe,  &  69. 

$  Bakewfin'fi  Joinod,  to  Geolojg^,  p.  375. 
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produced  the  rocks  composinop  the  crust  of  the  earth,  and  occa- 
sioned the  dislocations  and  chanfres  they  have  undergone  at  far 
distant  and  unknown  periods.  VVtiile  some  assert  the  efficiency 
of  the  causes  now  in  action,  others  represent  theui  as  inadequate 
and  insignificant.  With  regard  to  the  effects  of  winds,  currents, 
and  other  modifying  causes,  Mr.  Conybeare  has  the  following 
remaiks: 

205,  "These  actions  appear  to  be  circumscrihed  within  very 
narrow  limits :  over  a  great  part  of  the  earth^s  surface  the  influence 

of  these  wasting  causes  is  absolutely  null,  the  mantle  of  groen- 
sward  that  invests  it  beinor  an  eflectual  protection.  The  barrows 
of  the  aboriginal  Ijritnns,  after  a  lapse  of  certainly  little  less,  and 
in  many  instances  probably  more,  than  two  decads  of  centuries, 
retain  very  generally  all  the  pristine  shar])nes9  of  their  outline; 
nor  is  the  slight  K)sse  that  sometimes  surrounds  them  in  any 
degree  filled  ap 

§06.    Causes,  then,  which  in  two  thousand  years  have  not 

afiTected  in  any  perceptible  manner  these  small  tumuli,  so  often 
scattered  in  very  exposed  situations  over  the  crests  of  our.  hills, 
can  have  exerted  no  very  great  influence  on  the  mass  of  those  hills 
themselves  in  any  assignable  portion  of  time,  which  even  the 
imagination  of  a  theorist  can  allow  itself  to  conceive  ;  and  where 
circumstances  are  favourable  to  a  greater  degree  of  waste,  still 
there  is  often  a  tendency  to  approach  a  maximum  at  which  fur- 
ther waste  will  be  checked ;  the  abrupt  cliff  will  at  last  become  a 
slope,  and  thAt  slope  become  defended  by  its  grassy  coat  of 
proof. 

307.    It  should  appear,  that  even  the  action  of  the  sea,  certainlv 

the  most  powerful  and  important  of  all  those  we  have  surveyed, 
has  a  similar  tendency  to  impose  a  limit  to  its  own  ravages. 

It  has  obviously  in  many  instances  formed  an  effectual  barrier 
against  itself,  by  throwing  up  shingle-banks  and  marsh-lands  in 
the  face  of  cliffs  atrainst  which  it  once  beat;  and  after  the  de- 
struction has  beon  carried  to  a  certain  point,  it  appears  necessary 
from  the  mode  ot"  action,  (excepting  where  very  powerful  currents 
interfere,)  that  the  very  materials  resulting  from  the  ruin  should 
check  any  farther  increase;  even  where  these  corrents  exist, 
these  also  have  a  tendency  to  throw  up  barriers  of  shingle  in  their 
eddy.  Historical  records,  and  the  very  nature'  and  physical 
possibilities  of  the  case,  alike  compel  us  to  dissent  entirely  from 
those  crude  and  hasty  speculations,  which  would  assign  to  the 
cau^fcs  now  in  action,  the  power  of  producin|or  any  very  material 
chancre  in  the  face  of  things;  and  which  would  refer  to  these 
alone,  acting  under  their  present  conditions,  and  with  only  their 

What  effisct  has  vegetation  on  the  rapidity  of  changes  on  the  sarAi^ 

furface  ? 

How  is  this  exemplified  in  Great  Britain? 

What  Inatti  the  power  of  the  ocean  lo  wear  away  iti  shoves  f 
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present  forces,  the  mijzhty  operations  which  have  formed  and  mo- 
dified our  continoDts.  * 

908.  Mr.  Conybeare  does  not  here  ditdectly  nientio&  earth- 
iitikes  and  roleanoa  among  the  existing  causes  of  alteration  of 

uie  surface  of  the  earth ;  and  as  he  could  not  have  overlooked 
their  influence,  it  ia  probable  that  he  regarded  their  action  as 
being  too  limited  to  produce  any  considerable  effect.  Mr.  De  la 
Deche,  who  also  asserts  the  dissimilarity  of  the  ancient  and  mo- 
dern modifying  causes  of  terrestrial  conformation,  makes  the 
following  obserralions  on  the  phenomena  to  which  we  have  just 
alluded : 

S09.  If  we  withdraw  ourselves  from  the  turmoil  of  volcanos 
and  earthqoakeay  and  eeaae  to  roeaanre  them  by  the  efieeta  which 
thcT  haye  prodnced  upon  onr  imaglnationa,  we  ahall  find  that  the 
leal  ehangea  they  cause  on  the  earth^s  aurfiiee  are  compaiatively 
amall,  and  quite  irreconcilable  with  those  theories  whicli  propose 
to  account  ror  the  elevations  of  vast  mountain  ranges,  and  for 
enormous  and  sudden  dislocations  of  strata,  by  repeated  earth- 
quakes acting  invariably  in  the  same  line,  thus  raising  the  moun- 
tains by  successive  starts  of  five  or  ten  feet  at  a  time,  or  by  catas- 
Irophies  of  no  greater  importance  than  a  modern  earthquake.  It 
is  useless  to  appeal  to  time :  time  can  effect  no  more  than  its 
powers  are  capable  of  performing :  if  a  mouse  be  harnessed  to  a 
nrge  piece  oi  oidnanoe,  it  will  never  more  it,  even  if  centuriee 
on  eentofies  conld  be  allowed ;  bnt  attach  the  neceaeaiy  force, 
and  the  resistance  ia  overcome  in  a  minnte.*'t 

dlO*  Among  those  writers  who  have  taken  the  opposite  aide  of 
the  question,  and  maintained  the  efficacy  of  causes  now  operating 
to  have  produced  the  more  ancient  modifications  of  the  surface  of 
the  earth,  Mr.  Lyell  has  distinguished  himself  by  the  learning  and 
ability  displayed  in  support  of  the  opinions  he  has  adopted. 
The  full  force  of  his  arguments  can  only  be  appreciated  by  those 
who  have  tiie  opportunity  for  examining  the  extensive  mass  of 
information  which  he  has  collected  in  his  treatise  on  "  The  Prin- 
ciples of  Geology."!  The  following  are  some  of  Ae  important 
vsmarks  and  Inferenoea  which  he  haa  deduced  from  the  considers* 
tion  of  eidating  phenomena,  and  of  the  degree  of  analogy  observa- 
ble between  ancient  and  modem  formations : 

211.  **It  is  undeniable  that  many  objections  to  the  doctrine  of 
the  uniform  agency  of  geologi(»l  causes  have  been  pai^ally  or 

What  objection  fan  been  raised  to  tbe  supposition  that  changes  in  the 
earth's  surmce  ere  due  to  causes  now  in  action  ? 

What  distinguiahed  writer  has  maintained  the.affinnuUiye  of  that  hype> 
theiis? 


*  Outlines  of  the  Geology  of  England  and  Wales,  by  Cbnybesio  and 
Phillips,  pt.  i.   1822.   IntroductioD,  op.  3a 
t  Geol.  Man.,  op.  148, 149. 

J  See  especially  Book  II.,  contained  in  the  |ft  and  84  yf»lf.of  Ae  thin) 
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tuitbeljr  tfunoted  by  the  prograss  of  the  sdened  ia  the  im  forty 
years.   It  was  objeeted,  tor  ezamplet  to  those  who  endeavoaied 

to  explain  the  fonnation  of  sedimentary  strata  by  causes  now  ia 
diurnal  action,  that  they  must  take  for  granted  incalculable  periods 
of  time.  Now  the  time  which  they  required  has  since  become 
equally  requisite  to  account  for  another  class  of  phenomena 
brought  to  light  by  more  recent  investigations.  It  must  always 
have  been  evident  to  unbiassed  minds,  that  successive  strata,  con- 
taioing}  in  xegnlar  order  of  euperposition,  distinct  beds  of  shells 
and  corals,  arranged  in  families  as  they  ctow  at  the  bottom  of 
the  sea,  eonld  only  ha^e  been  formed  by  slow  and  insensible  de* 
grees  in  a  great  lapse  of  ages  :  yet,  until  organic  remsins  were 
minutely  examined  and  sjiMifically  determined,  it  was  raiely 
possible  to  prove  that  a  series  of  deposits  met  with  in  one  country 
was  not  formed  simultaneously  with  that  found  in  another. 
But  we  are  now  able  to  determine,  in  numerous  instances,  the 
relative  dates  of  sedimentary  rocks  in  distant  regions,  and  to 
show  by  their  organic  remains  that  they  were  not  olcontemporary 
origin,  but  formed  in  succession.'* 

We  cannot  reflect  on  the  concessioiis  thus  estcnted  from 
tiSy  in  regard  to  the  dniadon  of  past  time«  without  foreseeing  thai 
the  perhxt  may  arrive  when  part  of  the  Hottonian  theoiy  wul  bo 
oomnated  on  the  ground  of  its  departing  too  far  from  the  assmnjH 
tion  of  uniformity  in  the  order  of  nature.  On  a  closer  investigation 
of  extinct  volcanos,  we  find  proofs  that  they  broke  out  at  suc- 
cessive eras,  and  that  the  eruptions  of  one  group  were  often  con- 
cluded long  before  others  had  commenced  their  activity.  Some 
were  burning  when  one  class  of  organic  beings  were  in  existence, 
others  came  into  action  when  a  different  and  new  race  of  animals 
and  plants  existed :  it  is  more  than  probable,  therefore,  that  the 
eonvulsions  caused  hj  snbterranean  movements,  whidi  seem  to  be 
merely  another  portion  of  the  volcanic  phenomena,  have  also 
occnrred  in  snccession;  and  thmr  effects  must  be  divided  into 
separate  sums,  and  assigned  to  separate  periods  of  tii»B« 

213.  "  Nor  is  this  all :  when  we  examine  the  volcanic  pfodncts, 
whether  they  be  lavas  which  flowed  out  under  water  or  upon  dry 
land,  we  find  that  intervals  of  time,  often  of  s^reat  length,  inter- 
vened between  their  formation,  and  that  the  etTects  of  single  erup- 
tions were  not  greater  in  amount  than  those  which  now  result  from 
ordinary  volcanic  convulsions.  The  accompanyinff  or  preceding 
earthquakes,  therefore,  may  be  considered  to  have  oeen  also  snc- 
cessivey  often  intermpted  by  long  intervale  of  lime,  and  not  to 

How  has  the  objection  of  want  of  time  lor  ledhnentaiy  deposite  been 

met? 

What  data  have  we  for  determining  the  dates  of  sedimentary  rocka? 
How  do  the  known  facta  respccling  volcanos  prove  a  aucceesion  of 
geo1(^ical  eras? 

What  diffcreooe  in  thfi  pvodiiets  of  vblouKM  tends  to  establiib  the  mms 
general  truth  t 
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Kave  aicMed  in  violence  thoaa  dow  experienced  ia  tli»:oxdi- 

'  nary  course  of  nature." — "  It  was  contrary  to  analogy  to  suppose 

thr\t  nature  had  bet-n  at  any  fornier  epoch  parsimonious  of  time  and 
proditral  of  violence — to  imagine  that  one  district  was  not  at  rest, 
while  another  was  convulsed — that  the  disturbinc^  forces  were  not 
kept  under  suhjection,  so  as  never  to  carry  siimiltaneous  havoc 
ana  desolation  over  the  whole  earth,  or  even  over  one  great 
region."* 

214.  Il  meat  be  impcsatble  to  form  way  correct  judgment  aa  to 
the  lelatire  probabilOT  of  theae  conflicting  eatimatea  of  the  in- 
floence  of  those  natunu  caosea  now  in  action  on  the  stmcture  and 
conformation  of  the  cmat  or  exterior  portion  of  the  terrestrial 

globe,  without  a  previous  acquaintance  with  tlie  observations  that 
J^ve  been  made  on  the  visible  phenomena  of  the  early  formations, 
and  the  displacements  and  niodifications  to  which  they  have 
evidently  been  subjected.  Hence  it  will  b*^  requisite  to  take  some 
notice  of  the  great  convulsions  of  the  surface  which  have  left 
indelible  traces  of  their  occurrence;  and  also  to  give  a  brief  de» 
acription  of  the  nanal  appearances  of  rocks,  and  of  their  modes 
of  consolidation!  stratification,  and  juxtaposition* 

What  argument  in  lavoar  of  present  cansee  ia  afibrcled  by  the  Ameri- 
can lakes  ?  (IVofe.) 

Uow  is  the  objecuon  to  that  argument  answered  by  Bou^  ? 

By  what  obBorvationi  may  we  be  eoaUed  to  judge  of  the  oorrectaea 
of  any  theory  concerning  present  or  past  causes  of  change  in  the  earth's 
crust? 


*  Prin.  of  Ceol.,  vol.  i.  pp.  Vid — 129.  As  an  arffuracnt  for  iho  ] urb  ibility 
that  ancient  dchi^es  were  owing  to  causes  similar  to  those  now  ui  opera- 
tion* Mr.  Lyell  observes  that  **  the  existence  of  enormous  seas  of  fresh 
water,  such  as  llie  North  Amoricnn  lakes,  is  alone  sufficient  to  as.snrc  ua. 
that  the  time  may  come,  however  dislani,  when  a  deluge  may  l-iy  waste 
a  considerable  pan  ol'  the  American  continent."  Mr.  Conybeare,  in  a 
paper  publishea  in  the**  Annals  of  Philosophy.  1830  and  1831,"  endea- 
vours to  invalidato  the  reasoning  of  Mr.  Lyell,  by  a  comparison  of  the 
eflect  produced  by  the  cataract  of  Niagara,  with  the  erosive  action  of  the 
current  of  the  Thames,  in  scooping  out  the  valley  through  which  it  Aowa, 
alleging  that  according  to  the  fluviatile  hypothesis  of  the  ibmation  of 
valloys,  that  of  the  Thames  must  have  been  hollowed  out  by  that  river,  in 
the  coarse  of  the  same  period  of  time  during  which  the  waters  of  the  lakes 
have  only  worn  a  channel  seven  miles  in  length.  But  M.  Boue  remarks, 
that  '*  the  hollowing  out  of  the  valley  of  the  Thames  and  its  lateral  banks* 
commenced  not  merely  since  the  tertiary  epoch,  but  lon^  anterior  to  it» 
sinf^p  the  valley  traverses  verv  difTerent  formations;  while,  on  the  con- 
trary, the  cataract  of  Niagara  v\as  formed  in  the  alluvial  modern  or 
Jovian  period  of  M.  Brongnlart."  Previously  to  that  epoch  he  allesea 
that  the  American  lakes  emptied  themselves  into  the  Mississippi,  and  that 
the  course  of  their  outlet  was  changed  by  volcanic  phenomena,  of  which 
there  are  still  some  traces  in  Canada  and  the  northern  United  States. 
8ee  a  French  transhitioii  of  Mr.  Conybeara's  "  Examination  of  those  Geo- 
loe:ical  Phenomena  which  apj>oar  lo  have  the  moat  immediate  Connection 
wnh  Theoretical  Opinions,"  by  M.  Bou6,  with  Notes,  in  his  M^nioiroa 
OAHogiques."  vol.  i. 
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ExeavaUan  of  Falieys,  Dmudaiwn  of  SurfaceSf  and  EkoaUon  of 

Mwniaim  and  OMHmnii^ 

215,  The  great  divrrsity  of  appearance  of  the  surface  of  the  earth 
is  caused  chiefly  by  the  occurrence  of  valleys  and  mountains  ;  and 
an  inquiry  into  the  circumstances  of  their  formation,  so  far  as  they 
ean  beasenrt^iiied  from  existing  appearances,  may  serre  materially 
to  enable  us  to  appreciate  the  natare  of  the  power  by  which  they 
were  oriainally  produced  or  sobsequeotiy  modiiied. 

216*  Vdleys  have  sometimes  been  disting-uished  into  two 
cla<=;ses,  termed  natural  valleys  and  excavated  valleys.  The  origin 
of  the  former  is  ascribed  by  Werner  to  original  inequalities 
of  the  deposits  which  form  the  surface  of  the  earth.  Valleys 
of  this  kind  might  originate  from  the  gradual  desiccation  of  a 
lake;*  and  precipitations  of  solid  matter  from  the  water  might 
obviously  take  place,  without  causing  any  considerable  alteration 
of  the  figure  of  the  basin.  For  the  depositions  might  form 
strata,  of  equal  thickness  on  the  bottoms  and  sides  of  the  oavi1y« 
80  as  only  to  lessen  its  size ;  or  if  the  water  dried  away  veiy  grap 
dually,  the  deepest  deposit  would  be  in  the  oenlrey  and  the  basin 
might  still  preserve  nearly  the  same  outline. 

217.  It  may  easily  be  conceived,  however,  that  the  deposit  may 
be  80  arranged  as  to  cover  the  bottom  of  the  lake,  fill  up  any  irre- 
gularities^ and  alter  more  or  less  the  form  of  the  cavity,  rendering 

^      ^->.  it  shallower,  and 

/W  \     I  yTK  V^^^^  of  a  deep 

/^-/jIIw^'i,  ;  /^'lil^ WiraHfl  •BV         iake, leavinga val- 
/^W^i^ir^^^^^  ley  With  /level 

^  /  -i/-.^,^- ^  anrfiMeal  the  bot- 
tom. The  subjomed  fern  eshftils  seetions  of  two  falleya  of  dif- 
feient  exteni;  the  lifter  part  marking  die  outline  of  the  solid 
rock,  and  the  darker  the  deposits  of  gravel  and  detritus  which 
have  partly^iiled  the  cavities.  Such  valleys,  where  the  super- 
ficial strata  are  nndistnrbed,  may  be  rt'frarded  as  beinff  coeval 
■with  the  formation  of  tlu;  tract  in  whicii  they  are  situated. 

218.  Excavated  valleys,  or  valleys  of  erosion,  exhibit  very  dif- 
ferent appeardiices.  Tliese  occur  ni  hilly  and  inouutalnous  coutitries, 
while  lie;  roriuei  lai  ly  be  found  in  the  midst  of  extensive  plains.  Tbe 
excavatioii  of  valleys  may  take  plaoe  under  a  variety  ^cirenm- 
stances,  prodndng  cbiiespooding  irregulaiitiea  of  eonmnation. 
When  strata  wbiSi  were  onee  edntlnnoaa  aie  broken  and  swept 

How  have  valleys  been  distin^fiiished  ? 
What  is  the  peculiar  character  of  the  first  dan  f  • 
How  may  we  account  for  the  depotttti  in  diainsd  lakflsf 
How  do  valleys  ofeMiiion  difler  uom  natnial  valleysf 


♦  For  a  case  of  thiB  kind  see  Mr,  R-  C.  Taylor's  Fnp^r  on  the  Kisha- 
coquillas  valley,  in  Mifflin  county*  Penujlvaaia.  Tram,  of  Geol.  Soc.  of 
Fa.,  vol  i.  p.  194.— £d. 
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away  by  a  torrent  of  water,  if  the  beds  were  arrang^ed  horizontally, 
the  opposite  sides  of  the  valley  would  present  similar  rocks  at 
the  same  elevation ;  while  the  alia  vial  soil  or  looser  deposits 
would  form  the  summits  of  the  adjacent  eminences,  as  represented 

in  the  marginal  figure. 

219.  Sometimes,  however, 
the  appearances  are  very  dif- 
ferent. The  opposite  strata 
of  a  valley  not  being  arranged 
horizontally,  but  inclined  at  a 
certain  an^le,  beds  of  the 
same  rock  form  ascending  lines  on  one  side,  ana  descending  lineft 
on  the  other,  as  may  be  perceived  ia  the  following  figure. 


In  this  section  it  will  appear,  that  the  stratum  ar,  which  forms  the 
summit  of  the  hill  on  one  side  of  the  valley  B,  descends  to  the 
basis  of  the  hill  on  the  opposite  side  of  the  same  valley.  Instances 
of  this  kind  not  unfrequently  occur;  and  they  are  obviously- 
owing  to  the  diflferent  beds  having  been  tilted  or  upraised  simul- 
taneously by  an  earthquake,  or  some  other  convulsion  of  nature, 
previously  to  the  scooping  out  of  the  valley  and  removal  of  those 
portions  of  once  continuous  strata  which  had  occupied  its  site. 

"220.  When  the  beds  thus  cut  through  and  partially  swept 
away  consist  of  well  characterized  rocks,  such  as  would  be 
recoarnized  without  difficulty,  if  found  in  masses,  either  large  or 
small,  far  from  the  strata  still  remaining  in  situ and  when  such 
shapeless  fragments  are  found  at  a  distance  from  the  former,  it 
may  naturally  be  concluded  that  they,  at  some  preceding  period, 
filled  the  now  open  space.  If,  then,  it  appears  that  these  de- 
tached masses  have  not  sharp  angles  and  edges,  but  are  worn  and 
rounded,  it  must  be  inferred,  especially  if  the  rock  be  hard  and 
compact,  that  the  blocks  or  pebbles  had  been  subject  to  violent 
attrition  against  each  other,  in  the  course  of  their  long  and  distant 
transpo^^  ^nd  thni  the  same  deluge  that  had  occasioned  their 


How  may  valleys  of  encwion  exhibit  different  positionB  of  the  original 
strata  ? 

What  inference  do  caseg  of  this  kind  enable  us  to  draw  in  regard  to  the 
relative  ages  of  river  beds,  and  their  subjacent  rocky  strata? 

What  are  we  allowed  to  supppie  has  been  the  origin  of  water  worn 
f  tones  m  the  bods  of  rivers  f 


difTuption,  or  exposure  to  subsequent  action  of  a  similar  descrip- 
tion, had  reduced  them  from  an  auj^ular  to  an  oval  or  globular 
shape,  like  the  water-worn  pebbles  on  the  sea-beach. 

221.  Now  there  are  to  be  met  with  in  many  countries  on  the 
surface  of  the  earth  masses  of  different  sizes,  and  of  every  variety 
of  rock ;  some  of  these  are  large  and  angular,  as  is  the  case  with 
tiie  fast  blocks  of  granite  strewed  over  the  sorftoe  of  seiml 
parts  of  GermsDy,  uid  which  have  been  lefeired  to  the  gmnltic 
ebainsof  the  Norwegian  and  Swedish  mountainSt  as  their  original 
position.  Other  portions  of  transported  matter  aie  small  and 
rounded,  as  may  be  observed  with  respect  to  the  gravel  so  largely 
distributed  over  many  countries,  and  which  is  found  in  thick  and 
extensive  beds  in  England.  This  gravel  is  almost  entirely  flint, 
formerly  contained  in  the  chalk-strata,  which  seem  to  have  once 
covered  nearly  the  whole  of  the  south-eastern  part  of  that  country, 
from  some  districts  of  whicii  it  has  been  carried  away,  at  a  distant 
period,  by  a  great  flood  or  floods^  which  softened  and  washed  off 


993.  Great  masses  of  rock  and  transported  graveVare  found  in 
the  north  of  England.  Professor  Buckland  observed  among  the- 
gravel  of  Durham  twenty  varieties  of  slate  and  greenstone,  which 
'  do  not  occur,  in  situ,  nearer  than  the  lake  district  of  Cumberland. 
He  also  mentions  a  larore  block  of  granite  at  Darlington,  of  the 
same  nature  with  that  at  Shap,  near  Penrith ;  and  other  blocks  of 
this  granite  are  found  in  different  parts  of  Durham.*  Professor 
Sedgwick  notices  large  transported  bouldlers  on  parts  of  the  Der- 
bvshtie  chain  of  hills  oveiliangKig  the  great  plain  of  Cheshire. 
He  observed  boulders  and  pebbles  at  the  base  of  the  Cumberland 
mpuntains,  which  must  have  been  transported  across  the  Solwsj 
firth,  from  Dumfriesshire.  On  a  hill  near  Heytoncastle,  about 
four  miles  north-east  from  Maryport,  there  are  large  granitic 
boulders  reseinblinor  the  rocks  of  the  Criifel ;  and  amonor  them  a 
spheroidal  mass,  in  one  direction  lOji  feet  in  diameter.  Vast  mul- 
titudes of  transported,  or,  as  they  have  been  termed,  erratic  bloch*^ 
are  found  scattered  over  the  northern  counties  of  England. 

2i3.  The  blocks  of  Shap  granite,  which  cannot  be  confounded 
with  other  roeks  in  the  norm  of  England,  are  not  only  drifted  over 
the  hills  near  Appleby,  but  have  been  scattered  over  the  plain  ol 
the  new  red  sandstone ;  rolling  over  the  great  central  chain  of 
England  into  the  plains  of  Yorkttiire ;  imbedded  in  the  transported 
detritus  of  the  Tees ;  and  even  carried  to  the  eastern  eoa8t.f 

224.  In  Scotland}  likewise^  such  blocks  abundantly  ooeun  u>d 

To  what  source  are  the  blocks  of  granite  in  Germany  generally  referred? 
What  origin  is  assigned  to  beds  of  pebbles  and  gravel  f 
What  fiiets  have  Ea^^lish  geologieta  observed  in  conficmatkm  cf  Uils 
dieoiyl 


t  JDe  IsBedie's  Geol  Miq.,  pa  187, 188. 
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w  MM  MiMilailblo  sIImAm  ;  tt  m  SMa^ 
tlim  aie  booldeity  wbkk  do  nol  eotmpoiid  with  any  knofwn  nSk  k| 
the  wmUjf  and  wUch  were  probably  dttrimi  fim  the  northward. 
It  seems  likewise  that  gja^itaur^  phepomna  •»  obeanraUew  the 

Feroe  islands.* 

•225.  "  The  probability,  therefore,"  says  Mr.  De  la  Beche,  "as 
far  as  the  above  facts  seem  to  warrant,  is,  that  masses  of  water 
have  proceeded  from  north  to  south  oyer  the  British  isles,  moving 
with  sufficient  velocity  to  transport  fragments  of  rock  from  Nor- 
way to  the  Shetland  i^ies  and  ihe  eastern  coa^t  of  England  ;  lUe 
eonrae  of  such  maaaaa  of  water  having  been  modified  aMTobatriicted 
aaoDg  the  valleys,  hilltf  and  iaoitiitaiiia»  which  they  encomteied$ 
■o  that  various  minor  and  low  eimeBte  having  been  prodneedttte 
distribution  of  detritna  has  been  in  varioas  directions." 

The  continenta  both  of  Euiope  and  North  America,  fie* 
qaently  present  analogous  phenomena  of  erratic  blocks  and  trans- 
ported gravel.  It  is  difficult  to  account  for  the  occurrence  of  erratic 
blocks,  particularly  in  certain  situations,  from  which  it  must  be 
inferred,  that  they  have  been  carried  across  the  sea,  and  some- 
times to  great  distances.  It  has  been  conjectured  that  these  mas- 
sive bodies  might  have  been  imbedded  in  ice,  and  thus  con- 
'Teyed  by  cnmnta  which  would  have  failed  to  remove  then  had 
not  thdr  epedfic  gravity  been  thna  diminiahed.  Other  hypotheaea 
hare  been  propose  to  aeeoont  for  tfaeae  phenomena,  but  they  are 
not  aaffieiently  probable  to  require  further  notice ;  and  we  shall 
only  remarkf  in  the  words  of  a  distingniahed  writert  diat  ^*  solu- 
tions of  the  problem  of  erratic  blooka  aeera  not  veiy  praoticahl#j|l^ 
present." 

227.  In  some  districts,  immense  tracts  of  strata,  several  hundred 
feet  in  thickness,  have  been  torn  from  the  surface,  and  the  mate- 
rials all  carried  off,  except  some  occasional  patches,  forming  the 
eapa  of  isolated  hills,  the  analogous  composition  of  which  shows 
that  they  were  onee  parte  of  a  eontianona  formation*  These  ex- 
tenaive  removals  of  superficial  strata  have  been  termed  dennda- 
tlonSt  of  which  phenomena  Great  Britain  presents  numerous  in* 
stances ;  one  of  tne  most  remarkable  of  which  is  that  called  the 
denudation  of  the  valley  of  the  Weald,  including  the  distriet 
between  the  north  and  south  Downs,  chiefly  in  the  county  of 
Sussex.  The  geology  of  this  tract  has  been  rendered  hifjhl}' 
interestincr  by  tne  researches"  and  important  discoveries  of  Mr. 
Manteli,  relative  to  the  fossil  remains  imbedded  in  some  of  the 
sirata;  which  will  be  subseauently  noticed.  The  Wealden  coun- 
try is  bordered  on  three  sines  by  chalk  hills,  which  terminate 

What  it  inferred  to  have  been  the  direction  of  the  currents  which 
tfantported  the  bouMeis  found  in  Great  Britain  7 

What  suppositions  have  been  advanced  to  account  for  the  prascaee  of 
erratic  blocks  at  ^reat  distances  from  their  original  aituatioiist 

What  is  meant  by  denudation,  in  geology  7 

*  Dr.  Hibbert,  in  Edinb.  Jonilb  Sf  Seience^  ¥0L  vii. 
4'Geolog.  Man.,  p.  139 
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abruptly  on  !tg  confines,  and  which  appear  to  have  <  -\ce  extended 
over  the  intermediate  space*  Professor  H.  D.  Rogerb  in  his  recent 
reconnoissance  of  the  Geology  of  New  Jersey  has  discovered  wliat 
he  conceives  to  he  evidence  that  the  lower  and  maraiime  portions 
of  that  state  have  undergone  the  process  of  denudation,  having 
only  itere  «nd  thM  «  l>raff  or  crag  formod  of  entirely  differeiit 
materials  from  thoie  of  the  gfeneral  surface  of  that  rei^ioQ.* 

The  origin  of  valleys  has  sometimes  b^n  attributed  to  those 
eooTulsions  of  the  earth  which  occasion  the  elevation  of  mountain 
ridges ;  and  someralleys  must  doubtless  have  been  thus  produced, 
however  they  have  been  subsequently  modified  by  the  action  of 
the  atmosphere  or  of  running  water.  **  If  the  crust  of  the  globe 
were  broken,  and  raised  in  parallel  ridges,  they  might  form  moun- 
tain ranges,  with  valleys  between  them,  like  what  are  observed 
bordering  the  central  range  of  tlie  Alps;  the  arched  stratification 
of  many  of  the  ealeaieons  monntidnsy  and  the  Tertlcal  positton  of 
the  beds,  fsToars  this  hypothesis.'* 

SK^*  The  prodnetion  of  mountains  has  beeh  ascribed  to  different 
eaiiaes;  but  the  most  obTions  and  important  seems  to  be  elevation 
in  consequence  of  some  fbvee  acting  from  beneath.  Volcanic  ac- 
tion has  in  numerous  instances  formed  mountain  cones  and  peaks, 
consisting  of  deposits  of  scoria?,  ashes,  and  lava.  But  there  are 
many  situations  in  which  granitic  and  other  primary  rocks,  con- 
stituting in  general  the  lowest  strata  of  the  crust  of  the  globe, 
haTe  been  raised  in  a  solid  state,  so  as  now  to  form  the  summits 
of  lofty  mountains.  Lonff  chains  or  ridges  of  hills,  which  occur 
fai  ▼arions  parts^of  the  world,  cannot  originate  from  the  immediate 
inOnence  of  Yolcanie  emptions.  Soch  doTattons  of  solid  matter, 
and  exlsnsiTe  ridges,  therefore,  must  be  supposed  to  be  owing  to 
the  operation  of  causes  such  as  those  which  occasion  earthauakes,^ 
or  rather,  in  fact,  to  be  the  result  of  earthquakes  taking  place  on  ^ 
a  most  stupendous  scale. 

230.  The  manner  in  which  the  more  dense  and  solid  masses  of  ^ 
primary  rocks  may  be  forced  up,  and  made  to  break  through  the 
less  compact  strata  of  clay,  gravel,  or  other  substances,  by  pres- 
sure from  below,  and  thus  form  the  summit  of  a  mountain  ridge, 

*       ^  T  "^^y  ^®  understood"^ 

from  the  marginal  fin 
gnre.  Here  th6  inre« 
gular  conical  mass 
in  the  centre,  which 
may  be  supposed  to 
be  granite,  gneiss,  or 

To  what  is  the  origin  of  natural  valleys  attributed  by  geologisis  ? 
la  what  direction  moat  tfa«  Ibrma  hs^e  sotad  which  pmdaced  4he  pie- 
aent  mountains  ? 
What  claasaa  of  mountaina  may  be  relenred  to  volcaoio  action? 

*  Theae  Tiewa  weie  commnniested,  by  PNyfeaaor  It,  to  the  Aesdemy  of 
Nat  Science,  of  Phihidelphia,  Nov.,  18».— fin. 
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piliiivjr  UoMitQiM,  it  repreflinted  as  luKvinf  tovM  aiiwliii  419 
•operior  tlnila,  whieli  now  Ibim  die  tidet  ef  U10  AMtnlafe. 
wherever stmUiy  originally  horizontal,  exhibit  a  yertical  or  highly- 
inclined  po8itioa»  the  sudden  and  violent  opemtion  of  en  elevating 

force  may  be  inferred ;  and  where  mountains  are  raised  to  a  con- 
siderable height,  and  preserve  an  unbroken  range  of  nearly  hori- 
zontal strata,  it  must  be  concluded  that  the  upheaving  force  was 
slow  in  its  operationf  or  acted  on  a  large  segment  of  the  earth's 
surface. 

231.  The  elevation  of  large  continents  and  entire  islands  must, 
like  that  of  mountains,  have  been  owing  to  the  action  of  a  force 
finm  below ;  hot  the  magnitude  of  the  ei^t  prodveedt  wd  the 
diffeienee  of  the  phenoiiieii«t  show  tiliat  ihero  most  have  bees  % 
oonsidenble  diversity  in  the  modtf  of  operation.  Probably  all 
large  tracts  of  country  or  continents  emerged  slowly  firom'  the 
ocean,  at  first  forming  islands,  before  the  iswir  tnols  'Wive 
raised  above  the  level  of  the  sea. 

232.  The  power  requisite  to  upheave  a  continent,  or  in  other 
words,  to  cause  the  protrusion  of  a  large  portion  of  the  solid  surface 
of  the  earth,  must  be  very  different  from  tbe  force  which,  acting 
in  certain  lines,  occasioned  the  elevation  of  mountain  ranges. 
Bnglsnd  sffocds  instances  of  the  apparent  differenee  betweea  the 
anodes  of  se^Hi  <tf  those  foms  which  raised  lidgss  of  hills»  sod 
those  which  elevated  eo&tinents  or  extensive  islands. 

fi33*  The  elevating  force  that  brcdcs  and  tilted  op  the  ehslk 
strata  and  the  tertiary  strata,  along  a  line  extending  east  S9d  west 
through  the  Isle  of  Wight,  into  Dorsetshire,  does  not  appear  to 
have  produced  any  jconsiderable  change  on  each  side  of  the  line, 
in  passing  from  Alum  bay,  where  the  chalk  strata  are  nearly 
vertical,  to  the  south  side  of  the  island,  it  is  truly  extraordinary 
to  observe  how  little  the  lower  beds  beneath  the  chalk,  and 
sd}aseiift  to  it,  appear  to  have  been  disturbed.  The  force  which 
Hilled  Ae  strata  IS  altogether  dlstisettoa  thsl  mighty  uphsMriiig 
foree  which  raised  the  whole  ehslk  liills  in  the  sovth  of  JSa^siii 
fissn  the  oeesBt  witkoat  disturbing  the  lelstivis  position  or  ths 
strata."* 

234.  Some  extraordinary  elevations  of  land  are  said  to  have 
taken  place  at  very  recent  periods.  Von  Hoff  states,  that  in  1771, 
several  tracts  of  land  .were  upraised  in  Java,  and  that  a  new  bank 
made  its  appearance  opposite  the  mouth  of  the  river  Batavia.  It 
has  also  been  asserted,  that  it  appeared  on  the  morning  afLer  the 
earthquake  in  Chili,  in  1822,  that    the  whole  line  of  coast,  from 

How  are  we  to  diatiBgaiiah  those  mountains  which  have  proceeded  from 
jHdUen,  fiou  those  whieli  tewiiteJ  fion  gradual  opheaving  t 
In  what  manner  4ii  the  Bioce  eiteaiive  tnetief  lead  pnMiably  rise  fiem 

Ae  ocean  f 

Whst  eiamples  of  the  different  kinds  of  uj^teaviiig  are  found  in  England  ? 


•  £ake well's  Introd.  to  GeoL,  pp.  500,  50L 
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north  to  south,  to  the  distance  of  above  100  miles,  had  been  raised 

of  the  obsemtum  oa 
whieh  these  statements  m  founded  hflTe«  nowoTer,  been  questioned 
by  Mr.  Greenough  :  but  this  celebrated  geologist  admits  that  it  in 
a  point  daeer¥ing  of  eoneideiition,  ^*  whether  there  may  not  be 
going  on,  in  the  calmest  season  and  in  the  stillest  countries,  a 
ekronicand  almost  imperceptible  impulsion  of  land  upwards and 
he  refers  to  the  researches  of  the  Swedish  philosophers  concerning 
the  decreasing  height  of  the  waters  of  the  6altie,  as  affording  some 
evidence  that  such  an  operation  is  in  progress.* 
^'  235.  The  evidences  of  butii  elevation  and  depression,  in  former 
times,  am  abnndandy  demonstratiTe.  The  ogconeaM  of  bedn  of 

Sl^ra  and  ellMMndielln  on  the  tops  of  mowAina  and  on 
▼aled  plains,  Sown  that  liie  land  must  at  some  distant  period 
have  been  sabmerged ;  and  the  remains  of  forests  seen  beneath  the 
surface  of  the  sea,  indicate  the  changes  that  have  taken  place  of 
a  contrary  description.  It  is  manifest,  then,  that  some  portions  of 
the  earth's  surface  have  been  depressed,  and  what  was  once  dry 
land  has  become  the  bed  of  the  sea ;  while  other  parts,  formerly 
covered  by  its  waters,  and  resorted  to  by  marine  Crustacea,  have 
been  since  upheaved  into  hills  and  mountain  ridges,  thickly  strown 
with  the  enm  of  their  ancient  inhabitants. 

fM.  The  earth  iMma  to  be  aak^aet  to^kiad  of  oeeillatioa  of 
aorftee ;  one  ama  <^  whioh  may  be  tiMiMbMew  the  lefel  <^  the 
oeeanat  one  period,  and  another  aik  another.   kBL  the  rodts  which 
-Itove  originated  since  this  globe  becanM  the  scene  of  organic  life/ 
^  afford  evidences  of  their  having  been  deposited  under  a  liquid, 
except  the  volcanic  and  trap  rocks,  the  igneous  origin  of  which 
cannot  be  doubted.    That  granite,  grneiss,  primitive  quartz,  and 
limestone,  with  the  other  non-fossiliferous  rocks,  were  produced  in 
the  same  manner  with  those  last  mentioned,  may  also  be  admitted 
as  at  least  probable.   These  rocks  form,  as  it  were,  the  skeleton 
m  baria  of  the  aolld  eiaat  of  the  eatth^  and  Ihey  appear  to  he  th«: 
amt  widely  and  eonlhraonsly  £atiibnied«  la  the  looha  of  thia' 
elasa  aie  chiefly  fimad  the  awtallie  etea  and  mole  yalnable 
minends*  The  superior  rocks  or  strata  aie  more  especially  in> 
teresting  on  account  of  the  bodies  they  eoDbdn,  either  carious 
us4^ai,  derived  from  organio  matter.  .  -  ^ 

What  is  the  nature  of  the  facta  which  prove  the  elevation  and  depteS' 
«ion  of  portiaiu  of  the  earth's  surface  ? 

'What  clawes  of  Mofcs  en  the  earthli  suiftee  ap|»sar  fe  have  originated 
from  aqueous  deposits  ? 

What  was  the  probable  origin  of  the  non>ibsBiIifeiOQa  loeks  ? 
.  .  •  t', 

*  See  the  Athenaeum  Journal  for  June  14,  1834,  No.  346,  for  interesting 
.  extracia  I'rom  the  aUdresH  delivered  by  Mr.  Greenough,  as  PresideiU,  lo  the 
Geological  Society,  at  their  last  neeting  of  die  teatioo,  June  4 

For  tlie  Rcnly  of  Mrs.  Graham  to  Mr.  Greenouffh,  respecting  the  above 
addrsts,  aes  toe  American  Journal  of  Science,  vol.  uviii.,  p.  93^ — ^£n. 
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Q€9ur^  Stnuittn  mtd  CompmHum  of  Boeks^  and  Mr^Maintf 

Juxtaposition, 

The  different  kinds  of  roeki  mty  be  distinguished  as 
istpeets  their  niiiieralogieal  composition  and  their  meehaoieal 
structure.  C'onsidered  as  mineral  boHips,  they  are  either  Pimpld 
or  compound.  Thus  there  are  some  that  consist  essentially  of  a 
single  minrral,  as  (jiinrtz  rock,  which  is  composed  of  quartz  or 
siliceous  earth  ;  and  primitive  limestooei  and  chalk,  which  both 
consist  of  carbonate  of  lime. 

238.  The  minerals  that  enter  into  the  coroposition  of  rocks  are 
bjr  BO  mMiM  BoiMvoiisi  wbA  id  tiiete  die  most  importtnt  aie  iA» 
ended  in  the  follewing  eatatogoe  f * 

1.  Ar^UaoeoilS  earth,  (Indurated  clay,)  [258— No»76.]f 

2.  Siliceous  earth,  (quart2,)  [259 — ^NOb80.] 

3.  ^<feafife,X  [2(U— No.  S?.]  ' 

4.  Feldspar,  [262— No.  92.1 

5.  Albite,  or  cleayelandite,  [263 — ^No.  92.] 

6.  Mica,  [263--N0.  93.] 

7.  Chert,  or  hornstone,  [259 — No.  82.] 

8.  Piiek$toiu,  [963— No.  90.] 
^.  IWe,  [963— No.  93.1 

10.  Chloriie,  [368-^0.  93.] 

11.  Hornblende,  [263 — No.  94.] 

12.  Serpentine,  [2G4— No.  95.) 

13.  Adifwlite,  [263— No.  94.] 

14.  Augite,  [-264— No.  97.] 

15.  Dial/age,  [2G4— No.  97.] 

16.  Ilyperbthene,  [264 — No.  97.] 

17.  Gamety  [264— No.  99.] 

18.  Schorl^  [866— No.  103.1 

19.  Caiboottle  of  lime— diaik,  [971-^No.  198.) 

90.  Carbonate  of  magneaia,  [974— No.  181.] 

91.  Gypsum,  [978-^0.  147.] 
99.  Oxide  of  iioiw 

23.  Bitummm 

24.  Coal. 

What  mineralogical  difierences  do  rocks  nresentf 
Emimenite  the  mast  hnporluit  mineisli  «>and  in  loeks  f 


♦  See  Dr.  Mocculloch's  Geological  Classification  of  Rocks,  1821,  p*  166{ 
and  Phillip's  Ouilmes  of  Mineralogy  and  Geology,  p.  83. 

t  The  numbeis  atmeied  to  the  names  of  the  diflbrent  minerals  indicate 
the  pages  nnd  sections  of  the  preceding  treatise  on  JitemlflVJf,  fal  wbic^ 
they  are  respectively  described. 

I  Those  minerals,  the  names  of  which  are  printed  in  italics,  are  com- 
I>aratively  of  anusual  occarrence,  or  are  found  in  nIatiTehr  Mtiall  p«opor> 
tioQs  ia  those  socks  of  which  they  m  ingredientBL 
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Mtf,  Besides  some  of  the  mioerals  in  the  preceding  list,  Mr. 
Pbtllbf  iiiei4i«ift  ikm  foUowia^  as  Wing  somMUiM  intefspmed 
in  roeki,  ooetsiomlljr  formiiiff niMset  la  thein :  iron  pyrites,  sal* 
phuialof  molybdena,  oxidolatel  iron,  oxide  of  tia»flint,  calcedony, 
jaspeci  obsidiaoi^oaliwreoQa  spar,  dolomite*  and  aiaanical  iron.  The 
same  writer  has  given  a  list  of  minerals  most  frequently  occurring 
in  veins.  These  are  carbonate  of  barytes,  phosphate  of  lime,  sul- 
phate of  barytes,  selinite,  and  fluor  spar;  besides  several  ores  of 
■  iron,  manoranese,  copper,  lead,  and  zinc,  information  concerning 
which  may  be  founa  in  the  treatise  on  MettUlurgj/  and  Mining  ia 
*this  volume.  , 

940.  It  will  appear  tnm  tia  preeedlnff  atatementay  ihat  the 
mineral  aobplaBeaa  whioh  eontribnta  moat  largely  to  the  oompoai* 
tion  of  rocka  amount  to  about  a  dozen ;  and  these  must  obvionaly 
deeenre  the  principal  attentioit  of  die  geologist.  Those  that  are 
more  rare  should  not,  however,  be  neglected,  as  their  presence 
sometimes  serves  to  identify  pariicular  kinds  oif  rooks,  ana  furnish 
their  discriminating  characters. 

241.  The  interest  and  importance  of  the  various  rocks  to  the 
geologist  depends  greatly  on  their  relative  situation,  as  contributing 
to  form  the  crust  of  the  earth.  Of  all  the  lower,  or  as  they  are 
termed,  primitive  roeka,  the  moat  important  ia  granite,  whieh  ia  . 
eonaidered  an  a  compaet  or  non-atratified  rook,  and  ia  thna  dia- 
tii^ished  from  gneiaa,  the  mineral  egmpoaition  of  which  is  similar* 
but  whieh  is  composed  of  distinct  strata,  and  has  been  therefore 
sometimes  styled  stratified  orranite  or  granitic  slate.  "  Granite," 
according  to  Mr.  de  la  Beche,  is  a  confusedly  crystalline  com- 
pound 01 quartz,  feldspar,  mica,  and  hornblende.'*  But  there  are 
various  kinds  of  granite,  some  rocks  thus  denominated  containing 
only  feldspaj  ancf  mica,  others  feldspar  and  quartz,  feldspar  and 
hornblende,  or  c^uartz  and  hornblende.  But  though  all  such  mi^ht 
be  termed  granitic  roeka,  the  appellation  of  granite  ahould  rather 
be  leatrietA  to  componnda  of  feldspar,  quartz,  and  mica.  Thia 
rock,  forming  a  most  excellent  architectural  material,  haa  been 
abundantly  used  in  the  buildings  and  pavements  of  eitiea,  so  that 
its  general  appearance  needs  not  to  be  described. 

242.  In  some  specimens  of  granite  the  three  characteristic  mi- 
nerals are  in  very  small  crystals,  intimately  and  generally  blended 
into  a  grey  mass  ;  in  others,  on  the  contrary,  the  crystals,  particu- 
larly those  of  the  feldspar,  are  extremely  large,  and  in  greater  pro- 
portion than  common.  Red  granite,  which  is  found  in  Scotland, 
eoatalaa  mneh  ISildf  par,  which  ia  of  a  red  or  fleah  eolonr,  inatead 
of  being  white,  an  nanal.  Graphic  granite  conaiato  of  quarts  and 
Ibldapar  only,  the  eiyatala  or  the  latter  )>eing  ao  diatitbnted 

To  what  circunutance,  in  regard  to  a  rock,  does  the  geologist  attach  the 
bif  best  importance  f  What  is  the  diffEurence  between  gramte  and  gneiss  ? 
What  minetais  enter  inio  lha  aompotitioii  of  granite  f 

What  varieties  of  this  rock  are  known  to  exist? 
To  what  purposes  is  granite  peculiarly  adapted  t 
What  is  tne  composition  of  graf^o  granite  7 
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amidst  those  of  the  quartz,  as  to  give  the  snifkce  ^  the  rock, 
when  broken,  the  appearance  of  being  covered  with  antique 
characters. 

Dia]lAge  tock  consiita  either  of  Hie  ndnenl  finem  ii^fch 
It  talcee  its  name  alone,  or  of  diallagte  and  feUsfiar,  forouDfir  a  gra- 
nular cryatalline  compound.  The  former  Tariety  is  rai^  Snt  tiie 
latter  aliounds  in  some  of  the  Shetland  islands.  There  are  Otii^ 
varieties,  which  contain  actinolitp,  trilr,  chlorite,  quartz,  or  mica'. 

Greenstone  is  a  granular  rock,  chielly  composed  of  hornblende 
and  feldspar,  but  sometimes  including  quartz,  and  occasionally 
calcareous  spar. 

244.  Serpentine  consists  essentially  of  the  mineral  of  that 
name,  but  sometimes  contains  hornblende,  and  also  veins  of  stea- 
tite, talc,  or  aabeettts.  It  is  commonly  of  a  dark  green  colour, 
intermixed  with  red,  with  waving  lines,  and  coBfoflidons  on  its 
surface. 

■ 

^5.  Syenite  is  a  compound  of  feldspar,  hornblende,  and  quarts, 
confusedly  aggregated,  the  former  generally  predominating.  It 
derives  its  name  from  Syene  in  Upper  Egypt,  where,  however, 
it  is  said,  the  rock  is  of  a  different  nature.  It  is  usually  very 
hard,  and  of  a  dull  red  colour,  but  it  is  sometimes  grey^^  dark 
green.  '^-^ 

246.  Among  the  other  unstratified  rocks  may  be  mentioned 
schorl  roek,  composed  of  schorl  and  quarts,  and  hypersthene 
rock,  containing  feldspar  or  albite,  and  sometimes  quarts. 

946.  Porphyritic  rocks  vary  in  composition,  but  they  are 
usually  of  a  reddish  or  purple  colour,  and  contain  crystafs  im« 
bedded  in  a  mineral  mass,  as  if  they  had  been  enclosed  wh^ 
it  was  in  a  semifluid  state.  "  Porphyries  are  generally  known 
by  the  name  of  the  base  or  paste  which  includes  the  disseminated 
crystals :  thus  we  have  claystoue  porphyry,  feldspathic  por- 
phyry, and  clinkstone  porphyry."* 

247.  The  stratified  rocks  are  commonly  supposed  to  have  been 
formed  from  the  detritus  of  the  unstratihed  rocks,  taken  up  and 
afterwards  deposited  by  water;  unless  where  they  consul  of 
single  minerals,  as  limestone  and  quarts,  which  must  have  been 
produced  by  chemical  precipitation.  The  following  are  the 
inferior  stratified  or  non-fossiliferous  f ocks  described  by  Mr.  De 
la  Beche  :f  Argillaceous  or  clay  slate,  chlorite  slate,  talcose  slate, 
quartz  rock,  hornblende  rock  and  slate,  primitive  Unriestone,  com- 
pact feldspar,  or  eurite,  mica  slate,  gneiss,  and  protogine.  The 
nature  and  general  composition  of  most  of  these  rocks  is  indi- 

How  ii  diallage  rock  charaeteriied  % — greemtooe  ?  ■erpentine  tye 

nite  ? 

What  is  the  composition  of  schorl  rock  ? 
-  By  what  circurastaxice  are  the  different  kinds  of  porphyry  did  ting  uished  I 
How  do  geologisii  aooount  ibr  the  origin  of  atiatilied  racks  f 
BMHneiBte  ihe  noo-ibiriliieious  roclwf  * 


«  De  la  Beche'f  Geol.  MaU.,  p.  4^.  t  See  GeoL  Man.,  sect  i& 
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e«fo4  by  liiiBlr  appe^atfons;  ga^M^  M  before  stated,  is  a  strati^^ 
fied  or  schistose  granite,  and  protogine  dti^is  fjma  it  09IJ  Jlf^^ 
containing  talc  or  steatlWy  instflttd  of  mica.  , 

248.  The  superior  rocks  may  here  be  dismissed  with  a  cursory 
notice.    Grauwacke,  or  graywacke,*  has  been  described  as  an 
aggregate  cemented  by  ferruginous  clay,  and  composed  of  the^, 
debris  of  the  primitive  rocks." t    The  inclosed  fragments  are 
sometimes  small  and  granular  ana  sometimes  as  lar^e  as  a  nut. 

24d»  Transition  lugaestone  is  so  named  to  discriminate  it  froni> 
tbS^pfhec  fid^eoQi  rocks,  and  particularly  from  the  inferiflf  or 
primitiW  liiMBilDiba.  The  term  t^^eputtot  is  derived  from  the 
school  of  Werner,  who  regarded  all  rocks  as  having  been  pro- 
duced by  deposition  from^rUquidy  and  considering  those  which  . 
contain  no  organic  remains,  (as  granite  or  gneiss,)  to  be  the  oldest, 
he  gave  the  appellation  of  transition  rocks  to  the  immediately 
superincumbent  masses,  in  which  occur  remains  of  zoophytes,  and 
other  petrifactions  of  the  relics  of  the  lower  orders  of  organized 
beings,  but  none  of  vertebrated  animals,  or  of  any  of  the  higher 
orders*  Hence,  also,  he  concluded  that  the  rocks  thus  constituted 
were  formed  while  the  eartk  was  in  a  state  of  transition  from  a 
compasB^fely  uninhabitable  to  an  inhabitable  condition*  Among^ 
the  caBlreous  rocks,  also,  are  earboniferoue  limeetone,  magnesian 
limestone,  and  musdielkalk,  or  shell  limestone. 

,250.  Red  sandstone  exhibits  great  diversity  of  texture,  some- 
times f  rrminga  reddish  or  variegated  marl  or  clay,  and  sometimes 
compact  stony  masses ;  in  either  case  exhibiting  Streaks  of  light 
blue,  verdigris,  or  cream  colour.  *  ^  I, 

51.  Shale  includes  all  the  argillaceous  schists  of  the  secondary 
class,  sometimes  improperly  called  slate  clay.  These  rocks  seldom 
form  extensive  beds,  but  are  found  in  thin  strata,  often  of  merer 
laminWt  alternating  with  the  other  rocks  with  which  they  are  as? 
sodated.  Sliale  occurs  together  with  coal,  witli  which  it  like- 
wise alternates,  and  it  frequently  contains  organic  remains. :|: 

353.  Lias  is  a  term  derived  from  the  English  miners,  to  denote 
an  argillo-calcareous  deposit,  occurring  in  England  and  other  parts 
of  Western  Europe,  above  the  red  sandstone,  and  below  the  chalk, 
forming,  according  to  the  arrangement  of  Mr.  De  la  Beche,  a  por- 
tion of  the  oolitic  group,  so  called  from  the  oolite,  or  roestoiie,$ 

What  is  the  nature  of  grauwacke  ?  *  • 

Whence  does  traoMtioa  limestone  derive  its  name  ? 
MThat  ebasei  of  fiMuIs  are  iiNind  in  that  rack  f 
III  what  variety  is  red  sanditms  Ibundl  W 

What  is  meant  by  «/iaZe  ?  ^ 
What  is  the  situation  of /ia«  ? 

*  The  rock  was  thus  named  by  a  German  miner,  who  was  accustomed  to 
term  every  rock  he  was  imacauainted  with  wadU,  and  he  diflliilgiuilied 
this  by  the  epithet  f^rau,  gray,  iirom  its  colour.  '■ 

t  Bfewe't  FtatUfiir  Lshoiw  on'MinerakMnr  and  Geology.  IM  edilioik 

1830.  p.  78. 

X  See  Dr.  Macculloch  on  the  Classificatjoa  of  Rocks,  pp>  ^5— 469i  * 
i  See  Treatise  on  MineraLogij^,  Wo.  127.        ,  j. 
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which  oonstilules  the  upper  part  of  the  group,  while  the  lias  forms 

953.  Tha  trap,  or  overlyinff  rocks,  m  iiii8lratilM«  tad  m  sap- 
poted  to  be  the  products  of  ancient  yolcanoa.  lliey  ocenr  m 
naaaea,  generally  imgnlar*  and  in  outline  presenting  the 
pearance  of  steps,  whence  the  appellation  of  trap,  which  i$  of 

SwcfHsh  oritrin.  Dr.  MaccuUoch  calls  them  overlying  rocks, 
doubUpss  because  they  are  in  most  instances  found  resting  on  al- 
most every  other  kind  of  rock,  from  chalk  to  granite.  They  are 
abundant,  and  sometimes  form  considerable  mountains,  thoupfh 
upon  the  whole  they  ure  of  more  limited  extent  than  the  stratiiied 
rocks. 

S5i«  Basalt  is  a  designation  applied  to  varioiis  daik-edooied 
Toelts,  of  a  dose  fine-|praiBed  textors.  It  resembles  menstoney 

and  some  writers  describe  it  as  eomposed  almost  wholly  of  horn- 
blendov  others  tA  audits,  feldspar,  and  titaniferous  iron.  Olivine  is 

sometimes  contained  in  it,  and  also  quartz,  calcedony,  calcareous 
earth,  and  other  substances.  Basalt  exhibits  a  columnar  structure, 
and  becomes  porous  on  the  exterior  surface^  from  partial  decom- 
position. 

255.  Wacke  resembles  indurated  clay,  often  highly  ferruginous, 
and  is  either  compact  or  cellular.  It  appears  to  be  basalt,  in 
m  state  of  decompoeitioii*  Graystone,  porphyry  liatB,  ted  dhik- 
stene  hate  been  cenddmd  as  Tsrieties  or  elthBr  basalt  or  green* 
stone. 

Trachyte  is  generally  composed  of  feldspar,  and  sometinies  con- 
tains albite.  it  is  chieiy  porphyritie^  ran  indoded  eiyslals  of 
hombleade,  miest  nagite»  splmey  and  sometimes  oilier  min^ 
rals. 

256.  Amygdaloid  is  a  trap  rock,  the  basis  of  which  is  indurated 
clay,  or  compact  feldspar.  Various  minerals,  as  agate,  quartz, 
mesotype,  analcime,  atilbite,  prehnite,  carbonate  of  lime,  green 
earth,  lithomarge,  and  iron  pyrites,  are  oeeasionally  imbedded  in 
Uds  loekt  lendoing  it  porphjritic ;  and  their  dislBtejgration  or  de* 
eompoeitiont  prodeees  a  Teeiealar  straelnre,  giving  it  the  appeal^ 
ance  of  oellQMr  lava. 

Pitchstone,  which  is  considered  by  some  as  a  semivitrified 
basalt,  has  been  found  to  contain  a  considerable  proportion  of 
bitumen. 

257.  Cornean  is  a  term  which  has  been  used  to  denote  a  kind 
of  rock,  the  composition  of  which  appears  to  be  undeieruiined. 
It  sometimes  approaches  to  the  characters  of  basalt,  being  very 
hard,  and  in  other  cases  more  closely  resembles  wacke.  Brong- 
niart  eoneeived  it  to  be  the  basis  of  the  Derbyshire  toadstone. 

Traptnff  ia  eompoeed  of  the  debris  of  the  other  rocks  of  this 

What  is  the  appearance  of  trap  rocks  ? 
Why  are  they  termed  uvftrlying  t 

What  is  the  appearance,  oomposition,  and  atmetare  of  basalt? 
or  what  is  trachyte  composed? — amygdaloid  f 
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class,  united  by  an  argillaceous  cement,  and  forming  a  coarse 
breccia. 

258.  The  principal  compounds  which  are  the  products  of  modern 
volcanos  are  porphyritic  and  basaltic  lavas,  obsidian  or  volcanic 
glass,  pumice  or  porous  lava,  volcanic  conglomerate,  and  volcanic 
tufa.  The  minerals  contained  in  these  more  recent  igneous  rocks 
have  been  already  noticed.    •      i*^.  ^  - 

259.  The  mechanical  structure  of  rocks  admits  of  distinctions 
with  regard  to  their  internal  texture,  or  their  external  appearance. 
It  will  be  sufficient  to  enumerate  the  designations  of  interior 
structure  by  which  different  rocks  are  characterized.  These  are 
the  stony,  compact,  earthy,  granular,  fibrous,  lamellar,  foliated, 
schistose,  cellular,  prismatic,  amygdaloidal,  porphyritic,  and 
conglomerated  varieties  of  conformation. 

2G0.  With  reference  to  their  exterior  structure  and  appearance, 
rocks  might  be  distinguished  into  those  which  are  symmetrical, 
and  those  which  are  amorphous.  Both  these  terms,  however,  must 
be  employed  with  a  considerable  degree  of  latitude.  Amon^  the 
symmetrical  rocks  may  be  reckoned  those  which  are  stratified, 
tabular,  or  columnar;  and  all  the  other  descriptions  of  rocks  may 
be  regarded  as  amorphous,  or  rather  polymorphous,  their  external 
forms  depending  on  incidental  circumstances. 

261.  Stratified  rocks  are  those  in  which  masses  of  similar  com- 
position, as  clay  slate  or  sandstone,  extend  through  a  hill  or  moun- 
tain in  nearly  parallel  layers  or  strata.  They  display  in  different 
situations  great  varieties  of  arrangement  and  juxtaposition.  Some- 
tijues  the  strata  which  form  a  rocky  eminence  are  placed  in  flat 

horizontal    masses,  one 
A  above  another.    The  mar- 

ginal figure  may  be  sup- 
posed to  represent  a  hill, 
the  base  of  which  is  com- 
posed of  granite,  E  ;  on 
which  rests  a  stratum  of 
gneiss  or  mica-slate,  D ; 
supporting  one  of  sand- 
stone, C  ;  having  above  it  another  of  chalk  with  imbedded  nodules 
of  flint,  B  ;  crowned  by  clay,  gravel,  or  any  alluvial  mater,  A. 

262.  Sometimes  the  strata  composing  rocks  are  inclined  at  angles 
more  or  less  acute,  varying  from  the  horizontal  to  the  vertical 
position.  In  some  situations  the  strata  take  a  waving  course, 
rising  with  the  undulating  surface  of  the  hills  on  one  side,  and 
declining  ou  the  other,  in  the  mauner  represented  in  the  annexed 
diagram. 

What  are  the  products  of  modem  volcanoa  ? 
What  terms  apply  lo  the  internal  mechanical  structure  of  rocks? 
What  two  names  denote  their  differences  of  external  atructurc  7 
To  what  does  the  term  stratified  rocks  appropriately  belong  ? 
Enumerate  the  strata  frequently  found  m  succession,  beginning  with 
the  surface  soiL 
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2G3.  Contortions  or  sinuosities  of  strata,  of  a  much  more  abrupt 
character,  are  also  common  in  mountain  ranges,  indicating  the 
peculiar  operation  of  extraordinary  force  in  their  formation.  **  Con- 
tortion requires  that  the  rocks  in  which  it  is  observable  should 
have  been  in  a  yielding  state,  and  that  the  particles  were  capable 
of  a  certain  movement  among  themselves,  so  that  when  force  was 
applied  no  absolute  fracture  was  occasioned.  Sir  James  Hall  has 
long  since  shown,  that  to  produce  contortion  by  lateral  pressure, 
there  must  be  resistance  both  above  and  beneath,  the  former  at 
least  being  capable  of  yielding  in  a  minor  degree.  He  illustrated 
this  fact  by  experiment,  and  showed  that  these  conditions  are 
necessary  to  the  production  of  contortions  by  lateral  forces."* 
The  experiment,  which  may  be  easily  repeated,  merely  consisted 
in  placing^  layers  of  various  sorts  of  cloth  upon  a  flat  table,  covering" 
them  with  a  loaded  board,  and  applying  lateral  pressure,  so  as  to 
raise  the  superincumbent  weight  to  a  certain  extent,  when  the 
cloth  became  folded  and  contorted  in  a  manner  exactly  analogous 
to  the  contortions  of  natural  rocks. f 

264.  Contorted  strata  are  especially  observable  on  the  flanks  or 
skirts  of  mountain  chains.  The  following  figure  exhibits  a  section 
of  part  of  a  mountain,  in  which  a  stratum  of  limestone,  included 
between  thinner  strata  of  shales  or  slates,  has,  together  with  them, 
been  acted  on  while  in  a  yielding  state,  by  forces  which  have 
caused  deep  and  abrupt  undulations  of  surface.    The  limestone 


stratum,  a,  a,  a,  a,  is  seen  including  in  its  sinuosities,  the  superior 
beds  of  shale,  &c.,  marked  6,  b,  b,  and  also  inferior  beds  of  the 
same  nature* 

In  what  regions  of  country  are  contortions  of  strata  most  remarkably 
exhibited  ?  In  what  state  must  the  rocks  have  been  at  the  time  the  con- 
tortions were  produced? 

In  what  manner  may  the  effect  of  contortion  in  strata  be  imitated  ? 

In  what  parts  of  mountain  ranges  are  these  phenomena  particularly  ob> 
servable  f 


*  De  la  Heche's  Geological  Researches,  p.  127. 

t  Transactions  of  the  Royal  Society  of  Edinburgh,  vol.  vii.  p.  85u 
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265.  In  the  Alps,  between  mount  Righi  and  the  Hospice  of  St. 
Gothard,  a  series  of  mixed  strata  of  limestone,  clay  slates,  shales, 
and  sandstones,  display  such  windings  and  convolutions,  as  might 
have  been  produced  in  the  nraiiiier  already  described,  by  the  com- 
bined operation  of  vertical  and  lateiiii  forces.*  E^iamples  of  the 
waving  or  zigzag:  direction  of  fttrato  tiecQr  oeeMioDally  in  coal 
mines :  and  at  Anzin,  near  Valenciennes,  a  remarkable  instance 
has  been  obserred  of  this  derangement  of  the  coal  strata,  \n  hich 
are  bent  up  and  down*  and  covered  by  horizontal  strata  of  chalk, 
marl,  and  clay,  subsequently  deposited. f 

2G6.  The  strata,  instead  of  rising  towards  the  summit  of  a  hill, 
may  be  depressed  in  the  centre,  as  if  they  had  been  deposited  in 
a  basin,  or  trough-shaped  hollow. 


The  preceding  figure  represents  a  series  of  strata  thus  arranged, 
each  stratum  having  the  snape  of  a  shallow  inverted  cone  or  dome, 
the  edges  of  which  may  be  traced  all  round  the  monnlain.  In  the 
hill  of  St.  GileSf  near  Liege,  this  conformation  of  the  strata  may 
be  noticed ;  sixty-one  beds  of  coal,  alternating;  with  rocky  strata, 
ferm  a  mountain  3200  feet  in  height.  In  South  Wales  and  other 
parts  of  Great  Britain,  the  coal  strata  are  arranged  in  a  similar 
manner. 

267.  When  rocks  belono-ing  to  (lifTrrent  formations  occur 
tog^ether,  one  resting  on  the  other,  that  which  is  placed  underneath 
is  termed  the  fundamtntal  rock,  and  that  above  it  the  superin* 
eumbenL  The  line  where  two  rocks  or  formations  come  in  con^ 
tact  is  named  either  the  Itfie  of  juneHon^  being  veiwed  with 
reference  to  the  position  of  the  rocks,  or  the  Une  of  separation^  as 
marking  the  distinction  of  their  species.  When  the  strata  oif  a 
aaperimposed  formation  are  parallel  with  those  on  which  tiiey  rest, 
the  stratification  is  said  to  be  eonfonnable ;  as  in  the  figure,  p.  385, 
where  the  strata  are  all  horizonUd*   Inclined  strata  may  also  be 

What  example  of  contorted  strata  is  found  in  Switzerland  t 

In  what  manner  are  the  coal  strata  at  Liege  found  to  be  arrang-ed  ^ 
What  IB  meant  by  the  terras  iundamentai  and  superincumbent,  when 
applied  to  rocks  f  What  it  the  line  ofjuncdon  in  itratificationrff 

♦  De  la  Beche's  Geological  Kesearches,  p.  129. 

t  For  an  account  of  the  contorted  rocks  along  the  vaiiey  of  the  Juniata, 
cy  Mr  R  C.  Taylor,  M6  TianMctionsof  the  Geol.  See.  of  Mn.,  vol.  L  pik 
11  and  182^£ab  ^ 
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oonformablet  the  same  degree  i^iiiclinatioD  extending  through  all 
of  them. 

268.  U\  on  the  contrary,  the  superimposed  strata  are  horizontal, 
while  fte  subjBcent  strata  are  more  or  Jess  inclined,  they  are 
lelattTely  termed  wieonfirfkaUe  ttratOm 


This  mode  of  superposition  is  shown  in  the  above  diagram,  re- 
presenting a  seetion  of  a  part  of  a  mountain  oomposed  of  piimitlvey 
secondary,  tertiary,  and  fdluTial  stratifications*  The  norizontal 
strata,  A,  B,  C,  D,  of  sand,  clay,  shell  limestone,  and  sandstone* 

conformable  among  themselves,  are  seen  reposing  uncomformably 
on  the  hifrh]y-incliiird  strata  of  slate  and  gneiss,  E,  F,  which  rest 
conformably  on  granite.  The  strata  around  Paris,  consisting  of 
alternate  fresli-water  and  marine  formations,  are  thus  superimposed 
nncomlormably  upon  chnlk,  which  forms  a  great  basin,  containing 
these  various  deposits,  wiiich  also  cover  its  edges  in  the  less 
elevated  parts,  while  in  some  places  the  chalk  appears  rising 
Ihrouffh  the  upper  strata^ 

969.  When  a  series  of  strata  are  nearly  horisontal,  and  extend 
through  a  considerable  tract  of  country,  intersected  by  deep  t  alleys, 
the  same  strata  will  make  their  appearance  at  nearly  the  same  level, 
in  distant  mountains.  In  the  vicinity  of  Pittsburgh,  in  Pennsyl- 
^nia,  parti c II Inrly  along  the  banks  of  the  Monongahela  river,  a 
thick  stratum  of  coal  may  be  traced  through  many  hills  at  the 
same  elevation  above  the  iniennediate  valleys.  The  coal  may  be 
worked  by  driving  levels  from  the  sides  of  the  hills,  forming 
open  galleries,  and  thus  obtained  with  littie  difficulty.  Owing 
to  the  horizontal  position  of  the  coal,  it  forms  the  bed  of  n  rivmr, 
for  scTeral  roilee.* 

^  870.  When  corred  strata  of  equal  thickness  at  the  top  and  sides 
lie  nnconformably  on  other  strata,  the  former  are  said  to  heaoiUle* 

shnpfd ;  and  when  snch  overlying  strata  gradually  become  thin- 
ner from  the  base  to  the  summit,  thus  wrapping  round  the  sides 
of  the  subjacent  or  fundairjcntal  rock,  they  are  termed  mantle-' 
shaped  strata.  Strata  filliiirr  up  a  spheroidal  cavity,  are  denomi- 
nated biisin'shaped ;  and  li  the  cavity  be  oblong,  the  superimposed 
strata  are  styled  tnmgh'sluiptd. 

To  what  class  of  strata     the  term  nnforirorm;!^!^  appUrd  by  geolo£:;istft  ? 
How  are  these  strata  iliuHrrated  in  the  Pnris  basin  /    What  are  saddle* 
sfuiped  strata  l—manile-shapcd  ? — basin-shaped  ? — trough-shaped  ? 

*      Am.  Journal  of  Science,  vol.  zzU.,  pp*  68-*<i& 
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271.  The  upper  part  of  a  stratum  or  bed,  which,  rising  from 
under  others  makes  its  appearance  at  the  surface,  and  wfiere  it 
cQBseqnently  teradnateSt  u  designalad  by  miners  the  milerop,  or 
toief-ete  of  the  etratmn.  Strata  are  said  to  form  outfyen  or  aui* 
lying  fodt9^  when  they  compoee  detaehed  heights,  once  evidently 
continuous  with  extensive  tracts  of  a  similar  geological  struc- 
ture. Isolated  hills  of  this  kind  are  found  on  the  outskirts  of 
mountain  ranges  or  elevated  plains,  separated  from  them  by 
valleys  of  excaTation,  as  in  the  Pittsburgh  coal  strata  above  men- 
tioned. 

272.  Sometimes  the  continuity  of  a  whole  series  of  strata  is 
interrupted,  the  beds  having  been  apparently  broken  through,  and 
■hiftea  or  heaved  on  one  side  from  their  original  position,  consti> 
tnting  what  is  termed  a  fauU^  or  MU.  "Aiese  dislocations  of 

strata  are  phenomena  of  an  analogous  nature  to  the  heaving  of 
mineral  veins,  but  they  take  place  on  a  more  extensive  scale.* 

273.  A  dyke  is  a  wall  of  rock  interrupting  the  continuity  of  strata, 
and  filling  up  the  fissures  sometimes  caused  by  faults  or  breaks. 
The  ends  of  the  strata  on  either  side  of  the  fissure  are  occasionally 
tilted  or  bent  upwards,  as  if  the  dyke  had  been  formed  by  the 
protrusion  of  matter  from  below.  Dykes  vary  in  thickness,  from 
a  few  inches  to  many  yards  ;  and  those  which  intersect  coal-beds 
are  composed  of  indurated  clay,  or  more  frequently  of  basalt. 

874.  The  dip^  or  inclination  of  strata,  that  is,  the  point  of  the  * 
compass  towards  which  they  descend,  is  a  circumstance  deserving 
attention.  It  has  been  observed,  that  the  dip  is  always  at  right 
Migles  to  the  range  or  direction  of  the  strata ;  and  that  if  the  dip 
is  given,  the  direction  may  be  inferred,  but  a  knowledg^e  of  the 
direction  will  not  give  us  the  dip.  The  amount  of  the  dip  of  any 
strata  is  to  be  estimated  by  the  angle  which  they  form  with  the 
horizon ;  and  this  may  be  determined  by  means  of  the  instrument 
called  a  clinometer,  which  is  a  compass  with  an  attached  quadrant. 

275.  An  anticlinal  axU  is  that  line  from  which  the  strata  com* 
posinff  a  hill  dip  in  opposite  directions.  **  The  ridge  of  a  house- 
top wul  convey  an  idea  of  this  Hne,  and  the  slope  of  the  roof  repre- 
sent the  dip  of  tli«  strata.'*!  Some  rocks,  especially  those  of  the 
trap  kind,  as  porphyries  and  syenites,  are  said  to  he  tabular.  Dr. 
Macculloch  terms  the  tables  into  which  these  rocks  may  be 
divided  pseudo-strata.:}:  The  tabular  structure  consists  of  parallel 
plates  of  rock,  separated  by  regular  seams.  This  structure  has 
oeen  often  confounded  with  stratification:  it  appears  to  be  the 

What  is  meant  by  the  cropping  out  of  strata  ? 
What  are  outlyers  ?   What  is  a  &ult  or  slide  f 
What  is  a  dyke,  in  geology  ? 

What  is  meant  by  the  dip  of  rock  strata?— How  it  it  asoerlaintdf 
What  is  the  anticlinal  axis  of  a  series  of  strata  ? 

*  For  an  account  of  the  stracture,  arrangement,  and  conpoiitiaa  of  me* 

tallic  veins,  see  Treatise  on  Metallurgy  and  ASmn^  pp.  189—198; 
t  De  la  Heche's  Geol.  Man.  Appendix. 
I  Geol.  Classification  of  Rocks,  p.  90. 
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d76.  The  only  remaining  deseription  of  nieks  that  can  bo  eov- 
•ideted  as  symmetrical,  with  regara  to  their  extenial  otrvcture,  are 
those  which  have  been  styled  columnar.  The  most  disuiictly 
marked  among"  the  columnar  ropks  is  basalt.  THr  columns  they 
exhibit  are  formed  by  the  aL^ir''*  Li^'ition  of  prisms  generally  of  a 
pentagonal  figrure,  but  they  are  liable  to  desquamation  and  super- 
ficial d^om  position,  when  their  angles  become  rounded,  and  their 
forms  variously  modiAed.  V  a^it  ranges  of  basaltic  pillars  occur 
in  eoootriee  wnioh  hare  been  the  eoeoes  of  ▼oleanio  action,  as 
the  ainffalarmassee  called  the  Giant's  Causeway,  on  the  northern 
coast  of  Ireland  ;  and  Fingars  Cave,  in  the  Isle  of  Stafia,  one  of 
the  Scottish  Hebrides.  The  general  appeafance  of  eactensiTO 
ranges  of  colomaar  rocks  may  be  illnstnted  by  the  following 
diagram: 


277.  Bed9  of  f^tratifirf!  rocl<s,  ff,  fl,  fl,  are  cut  through  by  a  ba- 
saltii-  dyke  of  hori7.ont;i]  prisms,  intcrsectinef  also  rang-es  of  verti- 
cal coluinris,  and  three  liirn^e  transverse  dykes  uT  araorphous  basalt, 
ahove  the  hicrhest  of  vviiicli  are  dttaciied  masses,  d  and  c,  of 
columnar  basalt.  This  figure  likewise  exhibits  the  interior  atrao* 
tore  of  prismatic  rocks,  and  the  manner  in  which  the  eoloGins  are 
divided  by  joints.  The  edumns  may  not  only  be  Tortieal  or  hori*' 
sontal,  as  in  the  foregoing  figure,  bat  also  iDcIlned  at  any  given 
angle,  and  sometimes  the  prisms  are  more  or  less  cnnred,  forming^ 
by  their  combinations  rocks  destitute  of  symmetrical  arrangement. 

57R.  Rorks  which  are  neither  stTatified,  tabnlar,  nor  columnar, 
ciHi  scarcely  be  said  to  have  any  appropriate  form  :  aud  we  have, 
therefore  styled  them  amorpiious.   They  may  vary  in  dimensions  j 
as  much  as  in  figure,  and  be  of  any  ^ize,  even  of  mountiiiiious 
bulk.    Thus  granite,  greenstone,  and  some  of  liie  trap  rocks  con- 

What  cIsBsea  of  locfct  have  no  tme  itnitification  t 

,    What  are  roJumr^ar  rocks? 

What  remarkable  examplea  of  columnar  rocks  are  found  in  the  British 
Msndsf 

Exp]:tiii  the  geoAial  appearance  of  stratified  rocksf 


.  *  Bake  well  8  latrod.  to  Geology,  p.  87. 
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Irregular  maseee  imbedded  la  otber  rocfce,  ere  eiyled  nedalae* 
They  are  soioetiiBee  roooded^  wad  not  unfrequenlly  flatteMd; 
**  and  in  such  cases,  they  pasa  into  the  form  of  non-persistent  and 

extenuated  strata.  Nodulrs  are  often  imbedded  in  stratified  rocks; 
but  they  are  also  found  in  granite,  as  is  the  case  with  serpentine. 
The  size  of  these  masses  varies  from  a  foot  to  a  mile  or  moie,''^*  It 
is  difficult  to  determine  how  far  stratification  extends  among  the 
primary  rocks;  and  even  granite  sometimes  exhibits  traces  of 
what  Dr.  Macculloch  calls  pseudo  strata.f 

Ckuei^ficaUon  and  JrrangemeiU  of  Bockt. 

AimiaiMTYiew'ofllieaMttseilbiaiiiigtheonistof  tfieaartfi 
«sl^lbi  to  moeni  eonlMoa  and  indefinild  wiety  of  eompositioii 
as  maal  appear  to  render  sngatory  all  attempts  at  classificatioli ;  and 
hence  it  was  at  one  time  supposed,  that  the  seTeral  formations  were 
destitute  of  all  regularity  in  distribution  and  in  individual  charac- 
ters. The  first  rude  distinction  that  seems  to  have  been  made  was 
that  of  the  German  miners,  who  arranged  strata  of  rocks  in  two 
classes,  namely,  those  containing  metallic  veins,  and  those  which 
were  non-metalliferous.  Lehman,  already  mentioned,  (No.  6,^ 
made  the  much  more  important  divisions  of  formations  into  xMnfm- 
Hve  and  teamdary^  or  those  destitale  of  organie  remains,  and  those 
ineleding  eoeh  fossils.  % 

fi80.  The  eelebialed  Werner  modified  and  improved  this  divi- 
sion {  adding  two  other  classes,  the  transitum  and  the  locals  or  as 
they  were  afterwards  called,  tertiary  rocks.  Subsequent  additions 
have  been  proposed  of  oZ/vwa/ or  superficial  deposits  ;  and  of  pyro^ 
genous  strata,  including  the  trap  and  volcanic  rocks.  These  divisions 
have  been  generally  adopted  by  recent  writers  on  systematic  geo- 
logy ;  though  several  have  thought  fit  to  subdivide  the  secondary 
and  tertiary  rocks  into  distinct  groups  or  formations. 

981.  In  assoming  sneeesalons  of  strata  to  a  greater  or  leas  ei^ 
tsnt  snpeiimposed  aroand  the  terestrlal  jrlobey  we  mast  bs  carelbi 
to  distioffaish  wl»t  has  been  inferred  nom  limited  observation, 
eonfirmeo,  however,  in  a  certdm  measure  by  aneontradieted  expe- 
rience, from  the  deductions  derived  from  appearances  of  an  unequi- 
vocal description.  That  granite,  or  rather  granitic  rocks,  constitute, 
as  elsewhere  stated,  the  basis  or  skeleton  of  the  solid  crust  of  the 
earth,  is  a  conclusion  formed  from  general  observation  that  these 
%  rocks  where  they  most  extensively  occur  seem  to  rise  from  under 
others  which  are  known  to  occupy  relatively  low  situations^  or  they 

What  is  tho  nature  of  amorphous  rocks  ? 
What  is  meant,  in  geological  language,  by  the  term  noduUtf 
Who  first  divided  rocki  mto  primary  and  secondary  f 
What  distinctions  were  added  by  Werner  ? 

*  Dr.  Maeeu11ooh*e  Geol.  Claaa.  of  Roeks,  p.  113. 

t  See  p.  328.  On  iho  subject  ofstratiflcalion  in  general,  see  Groenough's 
Critical  E%amination  of  the  Firnt  Principles  irf  fitmitTiCT'.  iftl9.  Fttty  ^  . 
and  Dr.  Boase's  Treatise  on  Primary  Geology.  ^ 
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fonn  nearly  vertical  masses  so  included  between  other  rocks  as  to 
indicate  that  the  granite  passes  beneath  those  rocks.  Since,  how- 
ever, the  extent  of  surface  of  granitic  rocks  naturally  or  ariifically 
exposed,  is  but  inconsiderable  compared  with  that  of  the  earth^s 
surface,  the  notion  that  g^^nite  composes  the  inner  shell  or  lining 
of  the  earth^s  crust,  is  at  best  but  a  probable  conjecture. 

282.  Granite,  then,  can  only  be  supposed  to  be  an  universal  for- 
mation ;  and  the  extent  of  many  of  those  above  it  must  at  present 
be  utterly  uncertain.  But  with  respect  to  some  of  the  superior 
strata,  we  know  with  certainty  that  they  are  not  universal  forma- 
tions, and  that  some  cover  only  limited  areas.  Coal  appears  to 
consist  of  circumscribed  beds,  formed  in  basins  or  concavities  of 
older  strata ;  the  clays  of  the  London  basin,  and  the  various  de- 
posits of  the  Paris  basin,  also  compose  circumscribed  beds. 
Chalk,  if  it  deserves  the  character  of  a  general  formation,  (as  it  is 
certainly  a  very  extensive  one,)  is  not  now  universal,  having  been 
removed  apparently  from  some  parts  of  the  surface  of  this  coun- 
try, as  the  weald  of  Sussex,  England,  by  the  violent  action  of  water. 

283.  It  is  only  by  the  gradual  accumulation  of  facts  that  the 
boundaries  of  real  knowledge  can  be  extended.  From  their  situa- 
tion the  more  superficial  rocks  may  be  supposed  to  have  been  the 
most  thoroughly  investigated,  and  since  it  has  been  ascertained 
that  they  include  organic  remains  extremely  singular  and  curious, 
they  have  attracted  particular  attention :  as  the  progress  of  re- 
search proceeds,  however,  it  may  be  expected  that  the  primordial 
or  inferior  rocks  will  also  be  more  closely  examined,  and  that  thus 
various  disputed  points  with  regard  to  them  will  be  satisfactorily 
decided. 

284.  The  manner  in  which  the  several  formations  and  rocks  are 
arranged  so  as  to  form  mountain  masses  may  be  illustrated  by 
the  following  representation  of  a  section  of  the  Brocken  mountain, 
in  the  Hartz  forest  in  Germany. 


Whence  has  it  been  inferred  that  granite  is  the  lowest  of  rocky  strata  f 
What  evidence  have  we  that  this  rock  is  universally  extended  beneath 
the  oiher  strata  ? 

What  example  of  limited  formationi  may  be  mentioned  7 


SOBaifiDIAL  ROCKS.  893 

Vhe  perpen^lBttki  mam  n  HkB  nfulRyg,  is  graoite^  wWeb  Mj  bo 
MippotM  to  extend  laterally  beneath  the  otfisr  iooIks;  ft»  it  clay 
•latet  immediately  enveloping  the  granite ;  <*,  c,  is  transition  lime- 
stone ;  d,  d,  ^ywacke  slate  ;  e,  e,  old  red  sandstone  i  moon- 
taia  limestone,  ^f^,  gypsum;  A,  A,  variegated  sandstone;  ? ,  second  ' 
or  newer  grypsum;  j,  second  limestone  ;  /r,  alluvial  deposits. 
It  may  be  proper  to  observe,  tljat  this  section  exhibits  only  the  ar- 
rang-ement  and  successive  declination  of  the  rocks  that  I'orm  the 
Brocken,and  not  their  respective  forms  and  dimensions  ;  and  that 
ill  ether  movntains  some  of  theae  strata  may  be  replaced  by  others, 
Of  be  entirely  wanting. 

SywpHeal  Jtmmgmmi  vf  QrtmpBt  FormaHom^  and  jBodk»* 

285.  I.  Primordial  or  Non-foasiUi/erous  Rodti, 


Am  Unstratified  roeks* 

Granite,  syenitet 

Greenstone. 

Serpentine. 

Schorl  rock,  &c« 
B.  Stratified  rocks. 

Gneiss. 

Mica  slate. 

Clay  elate. 

Quartz  rock. 

Hornblende  slatei  te. 


Grampian  hills,  in  Scotland; 
Cornwall;  Dofrine  hills,  Nof* 
way;  Ural  monntainSf  Russia; 
firzegrebirge,  in  Saxony;  Riee- 
^engebirgre,  in  Sileeia ;  Pyrenean 
"mountains ;  eastern  Alps,  from 
St.  Gothard  to  the  plains  of 
Hungary ;  Alleghany  mountains. 
United  States;  AndeSi  South 
America. 


2de.   II.  Submedial  Bocks. 

{GraywtidttChrwpoflAftMmidlkk^Beche.  TrmuUion  JRoeks of 
Mar  €holog^9,) 

Sandstone  conglomerate,  slate,  &c. 
Calcareous  flags,  sandstone,  and  schist. 

Shell  limestone,  and  micaceous  sandstone,  &c. 
Coralline  limestone,  and  argillaceous  shale. 
Argillaceous  limestone,  and  sandy  shale. 

Describe  the  several  parts  of  which  the  Bro^ran  it  composed  f 
What  individual  strata  compooe  the  first  division  of  primoidial  lodKst 
What  name  is  given  to  this  division  ? 
'  Whet  eoiiftitate  the  teeood  divimi  of  the  same  elaii  of  iDoksf 

In  what  parts  of  the  ^plobe  ate  these  rocdu  conapieooiitty  shown? 

What  are  the  five  divisions  of  the  siibmedial  or  grauwacke  gro?ipT 


•  This  synoptical  table  it  chiefly  Ibunded  on  "TkWe  II.  Showing  Ae 

Order  of  Superposition,  or  Chronological  Succession  of  the  principol  Sedi- 
mentary Deposits  or  Groups  of  Strata  in  Europe." — Appendix  to  Lyell't 
Prin.  of  Geol.,  vol.  iv.,  with  Additions  and  Modifications,  derived  ftom  De 
la  Beche's  Geolofrtcal  Manual;  Brongniart  TMeau  des  TVrratiit  md  eem- 

posent  I' Ecorce  du  Globe;  D'Aubuisson  Traiti  de  Geoffnoste,  2nae  edit, 
continnee  par  Ani^doe  Burat.,  torn.  i.  1834 ;  MantelT's  Geology  of  the 
SoiUh-East  of  England^  chap.  ii. ;  and  Outline*  of  the  Geology  of  England 

WtdUt  Of  Conybeaie  and  JPhillips,  part  i.  Introduction. 
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"Tbe  fHnmwAe  group  oociin  in  Notway,  Swdm,  «imI 
BffWffIt  It  fojrms  a  portion  of  amithem  Sctmand,  whence  it 
ranges  with  breaks,  as  far  as  regards  the  surface,  formed  by 
newer  deposits  of  the  sea,  down  western  England  and  Walen, 
into  NoiflUuidy  and  Brittany.  It  appears  abundantly  in  Ireland. 
A  lai^ge  mass  of  it  is  exposed  in  the  district  oonitiaiting-lii% 
Ardennes,  the  Eifel,  and  the  Taunun.  Another  mass  forms  a 
kuge  portion  of  the  Hartz  mountains,  while  smaller  patches 
emerge  in  other  parts  of  Germany,  on  the  north  of  Maffdebnrg 
and  odmr  places." — De  la  Beche's  Oeol.  Man^  p.  42^.  The 
terms  eraywacke  or  transition  are  applied  as  epithets  to  distin- 
guish &e  sandstones,  slates,  and  limestones  of  this  group  from 
liMe  which  eeeor  ill  other  groups.  In  America  the  mnwaelco 
is  distributed  over  a  irast  extent  of  country,  from  Alabama  to 
the  Arctic  ocean,  and  is  characterized  by  fossils  which  must 
have  lived  in  a  climate  of  far  higher  temperature  than  exists  at 
ftmmA  in  any  c^gioos  withom  the  tropics.* 


887.   III.  Medial  Bocki.^ 

Cttboniferous  ^oup. 

a.  Old  red  sandstone* 

b.  Mountain  limestone. 

«•  Coal  measures,  including  sandstones,  conglomeiateSf 
clay  with  ironstooe^  shales,  and  limestones. 

988.  TV.  SupemedUU  Modi9.% 


Keupricy  or  poedlian. 


!I.)  Penean,  or  red  sandstone.  " 

2.J  Keupri 

(3.)  Liasic. 

(4.)  Oolitic,  or  freestone. 

(5.)  Wealden. 

(6.)  Cretaceous. 


o 
a 

09 


389.  Panean  group. 

a.  New  red  sandstone  lHot/Uiegendes^  Germ.]  [Gr^ 

Bouge^  Fr.] 

b,  Magnesian  limestone  {Ztchstein^  Germ.] 

In  what  countries  are  the  members  of  this  group  found  ? 
How  extensively  is  it  distributod  on  the  Amprican  continent! 
What  three  individuals  belong  to  the  carboniferous  group? 
What  groups  constitute  the  class  of  supermedial  rocks  7 
How  many  and  wiiat  individuals  belong  to  the  pmnn  gnmpf 

*  See  Mr.  R.  T.  Conrad's  Paper  on  the  Fossil  Shells  of  the  Giauwacko 
Group,  in  Trans.  Geol.  Soc  of  Penn.,  vol.  i.  p.  267. — £o. 
t  See  the  following  note. 

t  The  rocks  belonging  to  this  and  the  preceding  order,  (the  medial  and 
spperraedial  rocks,  or  ihose  from  the  old  red  sandstone  to  the  chalki  inolu* 
sivej  constitute  the  secondary  formations  of  the  Wernerians. 
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290.  Keopric  group. 

a.  Variegated  sandstone,  IBunter  Sandsiein^  Genn. ; 

Grea  Bigcarrl,  Fr.] 
h.  Shell  limeBtones,  {MutehdkaXk^  Gmi.] 

Red  or  wtenled  marls,  [Siuper^  Germ.]  Hbmet 
JBri$^f9f  Fr.  J  * 

991.  Liasic  group. 

a.  Alum  slate,  [Afnpelite  alumineux^  Fr.] 
6.  Dark  blue  marl,  with  beds  of  rubbly  limestone- 
sandy  marlstone. 
c.  Blue,  white,  and  yellow  earthy  limestone,  interstratilied 
with  clay,  often  slaty  and  Ditaminous,  [(^uadinand' 
9Um^  Germ*] 

OoUtic  group. 

a.  Inferior  oolite. 

Great  oolite,  Bath  stone,  Caen  stone. 

c.  Bradford  clay,  [^Mamt  argUUtut  Juramque^  Fx.] 

d.  Forest  marble. 

e.  Cornbrash. 

Bradford  clay  and  cornbrash  ought,  perhaps,  to  be 
ragaided  as  loc«l  formatioii>,  and  to  be  uielnded  ender 
that  of  ibnst  marble  or  lithographic  slate ;  wiih  which, 
where  they  occur,  they  are  associated.  Burat,  indeed 
reckons  Bradford  clay,  forest  marble,  and  cornbrash,  as 
dittinct  bitt  coBMOiUiire  momben  of  the  oolitio  Ibimatioiis 
and  Lyell  diatinguiihos  the  oorabiash  ftom  the  IbrasI 
marble. 

/.Oxford  clay — dark  blue,  tenaceous  clay ;  bitaminoas 
shale,  sandy  limestone,  (Kelloway  rock.) 
Coral  rag,  \^Calc(iire  Currallique,  Fr.]-— calcareous, 
shelly,  oolitic  freestone ;  coarse  limestone,  full  of 
corals ;  yellow  sand ;  siliceo-calcareous  grits. 
k.  Kimmeridge  clay,  [Afeme  argiUeiue  Haoname^  Fr.] 
t.  Portland  stone— coarse^  shelly  limestoiie»  fine-grained 
whitoe  limestoney  eompaet  limestone— all  oolitio 
beds  of  eherif 

« 

S93.  Wealden  group. 

a.  Purbec  stone — ^various  kinds  of  limestones,  alter- 
nating with  marls. 
V  Ashburnham  su>ne — bluish-gray  limestone,  alternat- 

ing with  blue  clay,  and  sandstone  shale, 
e.  Hastings  sands  and  elays— Ihwn-eolonied  and  while 
sand*  and  triable  sandstone^  with  clays  and  calcareons 
grits. 

How  many  and  what  mdiTidiials  belong  to  the  heupric  f^-tho  iiaiie  f 
Into  how  many  and  what  sabdiTiskHia  n  the  oolit^  giOQp  of  inporme* 

dial  rock£  distinguished  ? 
What  iiilividual  strata  compose  the  waaiden  group  ? 
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esoLoov. 

■ 

WenMwi  fimip  eonlAMfedL 

d.  Wesld  elaj— 6la^  clay,  and  WaaMUa»9  with  Ms 
of  ironstone,  and  SoMez  wnMt* 

Cietaceous  group. 

O*  Shanklin  sand,  lower  green  sand  [Ghuconte  sab' 
kuse,  Fr.] — i^een,  gray,  white,  and  ferroginoas 
sand,  with  clay,  chert,  and  siliceous  limestone. 

b.  Gaut,  or  folkstone  marl— blue  claj,  with  veins  of 

red  ochre. 

c.  Upper  green  sand,  or  iirestone  [Gbveonie  crayeuse, 

fr.]— marlj  stone,  and  sand  wltii  gnen  parades  ; 
layers  of  etdcaieona  sandstone. 
Chalk,  without  flints. 

e.  Ghaik,  with  flints,  or  upper  chalk. 

Tlio  chalk  ibnnatioiis,  d  and  e,  are  very  extensive  in  Eng- 
land, France,  and  other  parts  of  the  continent  of  Europe. 

Maestricht  limestone — soft,  yellowifih-wbite  lime- 
stone, with  siliceous  masses,  lesemhiing  chalk. 

395.  V.  Superior  £ock$. 
(AfpraeelaeeMM^  IhHea^t/y  or  Newui  thdz  Adb  of  differeni  Ah 

Lower  formations. 

In  Enriond  (London  haain.) 

a,  Plastioclay. 

b,  London  day. 

c,  Bagshotsand. 

In  France  (Paris  basin.) 
a.  Plastic  Clay. 
6.  Cakaire  groggier, 

398*  Upper  Formations. 

A.  Calcareo-siliceous  strata,  gypsum,  and  marls^ 
sand  and  sandstpne,  millstone  grR,  and  marls.  . 

B.  Marine  deposits  of  san^  formin?  the  fidihms 
of  Touraine,  and  of  the  Lower  Loire,  France.  * 

C.  Suhapennine  marl,  subapennine  yellow  sand; 
English  mgi  and  other  deposits  eondiining  marine 
fossils. 

D.  Molasse  and  7iageIJlii^e — accumulations  of  roUill 
pebbles  and  sands,  composed  of  Alpine  detritus. 

£.  Limestone,  sands,  clays,  sandstones,  conglome- 
rates,  marls,  with  gypsum;  containing  marine  fossils. 

What  are  the  six  aubdi visions  of  the  cretaceous  or  chalk  group  ? 
Wiwt  AM  conaidered  in  England  as  constituting  the  lower  formatiooa 
of  the  tertiary  class  ? 

What  distinctions  of  this  class  exist  in  France  ? 

What  five  divisions  are  found  among  the  upper  ionnationa  of  thia  daaa  I 


VOLCAKIO  mtATA, 
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297.   VI.  Mluvial  Deposits. 

A.  Sand  and  gravel — auriferous  sands,  cascalhao. 

B.  Detritus  of  various  kinds — calcareous  saud- 
Btone,  with  broken  shells  ;  osseous  breccia. 

C.  Recent  calcareous  formations— coral  reefs  and 
islands,  tufa,  travertin. 

D.  Peat. 

898.  VIL  Vf^ic  Strata. 

Ancient— 

Basalt,  trachyte,  greenstone,  &c.. 
Reeent-* 

Lava,  ashes,  moya,  &c. 

What  are  the  four  divisions  of  the  sixth  class  formed  by  geologists! 

How  are  volcanic  strata  du'iclt:d  I 

What  particular  substances  belong  to  each  division? 


WofrhaiaihtJkpwrtmmtof  Gtolagy. 

Bakewell's  Introduction  to  Geology  with  an  outline  of  Profes- 
sor Sillitnan's  course  of  lectures  on  the  same  subject.  1  vol.  8vo. 

De  la  Beche's  Geological  Manual.  1  vol.  Bvo.  Piuladelphia« 

Lyell's  Principles  of  Geology.  3  vols.  8vo- 

Ure*s  New  System  of  Geology.  London.  1889« 

Maclttie's  Geologr  of  the  United  States,  with  a  map. 

Featherstonhaugh  8  Geological  Report  to  Congress.  1835. 

Professor  Ro^is's  Report  on  the  Geolog^y  of  North  Amerioa, 
in  the  Transactions  of  the  British  Association  at  Edinburgh. 

American  Journal  of  Science,  various  nnmbcrs,  particularly 
voiunies  xxii.  and  xxix.,  the  latter  of  which  contains  a  highly 
important  account  of  the  geological  character  of  the  great  coal 
deposits  of  the  valley  of  the  Ohio,  and  its  tributaries,  by  Dr. 
Hildreth. 

TiEttsactiottSof  the  Geological^^ety  of  PennsylTania.  ToLi. 
8to^  1835.  Vr 
Hitchcock's  Report  of  the  Geology  of  Massachusetts.  1  toL 

8vo.  1833. 

Transactions  of  the  Geological  Society  of  London.  5  vols.  4to. 
Mantell's  Geology  of  the  South-East  of  England.  1  vol.  4to. 
Journal  of  the  Acadamy  of  Natural  Sciences.  7  Yol8»^?o., 
liitberto  published. 
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ORYCTOLOGT. 

1.  The  term  Oryetology*  has  been  ein ployed  to  denote  the  na- 
tural history  of  minerals  and  fossils,  with  special  reference  to  the 
situations  they  are  found  to  occupy  within  or  upon  the  crust  of 
the  earth.  Mineral  and  fossil  are  words  of  analogous  signification, 
implying  bodies  that  have  been  obtained  by  mining  or  excavation; 
Irat  the  former  is  now  usually  aj^propriated  to  those  bodies  which  are 
mere  chemical  compouiide,  exhiDitiii|r  no  tncett  of  organization;  and 
the  latter  to  each  ae  retain  in  any  degree  the  foim  and  appearance 
of  animal  and  vegetabl  c  sub  stances,  however  changed  or  modified  as 
to  their  composition.  Theae  bodiea-aiight  be  generally  deaignated 
metamorphosed  organic  remains,  were  they  not  f?ometimes  pre- 
sented to  us  by  nature  absolutely  unaltered,  as  in  the  very  remark- 
able instance  of  the  fossil  elephant,  found  embalmed  in  icOi  in 
Siberia,  in  the  be^nruuiig  of  the  present  century. 

2.  From  the  structure  and  composition  of  animal  and  vegetable 
substances,  however,  it  necessarily  follows,  that  b\it  very  few 
comparatiTely  can  ocear  in  aiich  a  atate  of  complete  preaerratloii. 
Tieea  are  aometimea  found  honed  in  bogs  and  mdaaea,  standing 
erect,  with  their  roota  and  braiichea  very  little  altered.  The  more 
denae  and  compact  parts  of  organised  bein^  are  most  frequently 
preserved,  while  the  softer  substances  which  entered  into  their 
connpositioTi  have  been  destroyed  or  removed.  Hence  whole 
skeletons,  or  detached  bones,  and  shells,  either  entire  or  broken, 
are  among  the  most  common  fossilized  orfranic  remains.  They 
occur,  however,  under  varionsly  modified  conditions  ;  some  having 
undergone  little  change  of  substance,  as  those  masses  of  sheila 


To  what  docs  the  term  oryctoloey  apply?  What  remarkable  instance 
can  be  mentioned  of  a  ■pecimen  of  eitinct  animals  found  entire?  What 

veq^etnble  ffjssTls  are  sometimes  di^rovered  in  ihcir  nntiiml  positions? 
What  parts  of  organized  beings  are  commonly  wanting  in  iiwrail  specimens? 
Bow  &  this  exemplified  in  carbonate  of  limeT 

*  From  the  Greek  'Op«itrtff,/afmi»  and  Aoyts,  a  discourse. 
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flindeonk)  wIMi  being  conglutinated  by  mbonate  of  Itmei  form 

blocks  or  beds  of  variegated  marble» 

The  preceding  figure  represents  tbe  Surface  of  a  slab  of  Kil- 
kenny marble,  inlaid  with  shells  and  coral loids.  which  have  a  very 
pleasing  elTect ;  and  many  of  w}nc}i  are  so  perfect,  thai  their  forms 
maybe  traced,  and  their  species  diating-uished.  • 

3.  The  Sussex  or  Petworth  marble  is  another  kiud  of  shell 
limestone,  which  affords  beautifully- veined  sections,  and  has  been 
used  for  ornamental  purposes.  It  id  found  in  layers  varyinff  from 
a  few  inches  to  a  foot  or  more  in  thickness,  in  the  weald  clajr,  in 
the  sooUt-eastem  part  of  England.    This  limestone  is  of  wions 
shades  of  bluish-gray,  mottled  with  ^een  and  ochraceous  yelfow, 
and  is  composed  of  the  remains  of  ^esh-water  univalTes',  formed 
by  a  calcareous  cement  into  a  beantiful  compact  marble.   It  bears 
a  high  polish,  and  is  elegantly  marked  by  the  sections  of  the  shells 
which  it  contains :  their  constituent  substance  is  a  while  crystallized 
carbonate  of  lime,  and  their  cavities  are  commonly  tilled  with  the 
same  substance,  presenting  a  striking  contrast  to  the  dark  ground 
of  the  marble*    in  other  varieties,  the  substance  of  the  shells  is 
Ua^,  and  J^jfa^*  sections  appear  on  the  snrfiMse  in  Ae  fnm  oC 
nnmerons  l^fti  sad  sphral  figtues.    Ooca^onallj  a  few  bivalies 
(cjfclaa)  occur,  atNi  the  remains  of  the  minute  omsteoeous  coyerings 
of  the  eypriafiibm  very  constandy."]"  This  limestone  is  dnraUaf 
**yet  from  long  exposure  in  damp  situations,  it  undergoes  decom- 
position, and  w  petrified  testacea  may  then  be  extiicated  idmoet 
entire."  t 

4.  The  mountain  limestone,  called  by  Mr.  Bakewell,  "  upper 
transition  limestone,"  "  is  one  of  the  most  important  calcareous 
rocks  both  from  its  extent,  the  thickness  and  number  of  its  beds, 
the  quantity  and  variety  of  its  organic  remains,  and  its  richness 
in  metallic  ores,  particularly  of  lead..'  In  Deibjshire,  where  the 
different  beds  of  limestone  have  been  pierced  through  by  the  mi- 
ners, the  average  thickness  of  the  three  uppermost  is  imoat  160 
yards  t  the  beds  are  separated  by  beds  of  trap  or  basalt,  resem- 
bling ancient  lavas*  The  lowest  limestone  has  not  been  niCited 
through." 

5.  "The  prevailing  characteristic  organic  fos^s  are  encrinites 
and  madrepores.    The  upper  beds  of  mountain  limestone, 
Derbyshire,  appear  to  be  almost  entirely  composed  of  encrinites*?^ 
Polished  slabs  of  entrochal  or  encrinitai  marble  are  someway 

What  if  the  snbslanee  whieh  has  replaced  animal  matter  in  the  ftani 
lAiellfl  in  marble  7 

Which  appears  to  be  the  more  durable — the  teetaceoas  lamk,  or  their 
interiMMied  cement  ?  • 
What  la  mountain  Ifanailoiie  in  gedomcal  nomenclature  f 
What  aie  ita  prevailuig  fiMula  t 


*  Mantell's  Geology  of  the  Sonth-East  of  England,  a.  18I. 

t  Idem.  p.  186.      .  *^ 
}  Bake  well's  IntrofUctioa  to  Geology,  p.  131. 
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employed  for  tables  and  other  ornamental  furnitttt6«  A  portion  of 
Bucii  a  table  is  exhibited     the  following  figure. 


The  tabl««  ftom  wfaieh  the  above  was  taken,  ia  of  a  light  gray 
eolour,  Taiieffated  with  white ;  bat  the  mountain  Kmeatone  haa  ooi' 
eaaioaally  a  black,  and  aometimea  a  laddialnhiown  ipNliunl»  or*  H 
Teined  or  clouded. 

6.  Beds  of  black  marble,  with  madrepores,  are''found  in  various 
parts  of  England  and  Wales.  The  black  tint  of  this  marble  is 
owing  to  the  presence  of  bitumen :  it  is  otherwise  generally  com- 
posed of  nearly  pure  carbonate  of  lime,  except  some  beds,  which 
consist  partly  of  carbonate  of  magnesia. 

7*  Sometiinea  the  organic  remains  are  found  to  have  undergone 
eoBaiderabie  oftodifioatien  aa  to  their  eompoaitioa,  while  tiieir  lomia 
eztet  unaltered.  Thua  vegetable  bodies  are  ehanged  into  ochraeeoos 
earth  or  ta£f,  like  the  umber  found  in  the  environa  of  Cologne.  Wood 
impregnated  with  ailex  is  not  unfieqoently  met  with  in  various 
parts  of  the  world  ;  but  the  finest  specimens  are  said  to  be  obtained 
from  the  vicinity  of  Schemnitz  and  at  Telkobanya,  in  Hung^ary. 
It  also  occurs  in  the  diluvian  detritus,  in  the  orreen  sand  of  the  cre- 
taceous group,  and  in  the  Portland  stone.  The  texture  of  wood 
may  be  traced  in  some  siliceous  minerals,  as  jasper,  a^ate,  cal- 
cedony,  opal,  and  pitchstone,  betraying  their  ultimate  origin, 
llaceous  earth  may  cause  the  mineralisation  of  wood;  and 
rent  parte  <tf  vegetablea  ave  ofWn  imbedded  in  the  rod^a  eom« 
^  of  tbia  earth*  Iron  in  the  atate  of  anlphuret,  or  in  that  of 
mate,  may  pervade  the  aubatance  of  vegetable  fossils.  "In- 
numerable seeds,  seed-vessels,  &c.,  have  been  fonndy  by  Mr. 
Crow  and  others,  in  the  blue  clay  of  Sheppey,  in  the  state  of 
pyrites.  Most  of  these  belong  to  plants  unknown  to  our  beta* 


For  what  purposes  in  the  arts  is  this  marble  ei^ployedf 
To  what  does  black  marble  owe  its  colour? 
To  what  changes  arc  iossils  found  to  have  been  subjected  ? 
In  what  sitimmms  is  wood  found  to  be  replaced  by  ailex  ? 
In  what  elate  may  iron  exiet  in  the  Aanw  of  ligetshlefoisilet 


m 


ttlflis  ;  the  exisMg  plants  to  wllich  the  others  seem  to  a]^[NN»diinl» 

are  some  of  those  of  the  warmer  climates."* 

8.  Wood  is  occasionally  impreg-nated  with  pyritical  or  carbonated 
copper,  the  latter  forming  very  beaniit'ul  fossils,  the  finest  speci- 
mens of  wllich  (consisting  of  charred  wood,  marked  with  the  moat 
vivid  blue,  and  green  tints,  with  patches  of  the  carbonate  in  the 
state  of  malachite)  are  obtained  from  the  copper  mines  of  Siberia.f 
Volkmaan  and  other  anthorB  have  mentioned  fossil  wood  im- 
pregnated with  silver ;  hat  its  ooeurrenee  is  somewhat  qnestionsp 
ble.^:  Specimens  of  wood  thoroughly  impregnated  with  galsna 
(sulpharei  of  lead)  have  been  found  in  Derby8hiTe4 

9.  As  might  be  expected  from  their  original  composition, 
vegetable  fossils  are  oi\en  found  to  have  undergone  changes  which 
have  reduced  them  nearly  to  the  state  of  carbonaceous  or  hituminous 
minerals.  Schookius  rf;lates,  that  rrrasst's  of  bitumen  are  frequently 
found  among  peal;  and  sometimes  resembling,  in  size  and  figure, 
walnuts,  e^gs,  and  pine-nttt8.i|  Wood  is  also  found  in  the  state 
of  jet,  lignite,  and  Bovej  eosI«  This  last  mentioned  fossil,  which 
eeeafs  in  seversl  snoeessive  strata  at  Bovey,  near  Ghadleigh,  in 
Devonshiie,  extending  for  some  miles,  has  been  worked  for  more 
than  a  eentuy,  being  used  for  fuel  in  boming  liine  and  for  other 
purposes. 


10.  The  precedinCT"  figure  represents  a  fragment  of  Bovey  coal. 
••This  variety  is  evidently  a  dicotyledonous  or  grmnospermous 
phanerogamic  plant,  for  it  presents  all  the  external  characters  of 

In  what  states  may  copper  he  found  in  the  forma  nf  voo^ptahlo  fo^isils? — 
Lead  ?  VVhnt  con<;tituents  of  vegetables  are  most  iirequeatly  found  in.de- 
poatU  of  ancitnt  limber  ? 

*  Parkinson's  Outlines  of  Oryctology;  an  IntlodactlOfI  to  tha  Stody  of 
Organic  Remains.  2d  edit.  1833.  p.  27. 

T  See  Parkinson's  Organic  Remahis  of  a  Former  World.  2d  edit  tSSS. 
vol.  i.  pp.  388,  389.  t  Idem,  p.  390. 

$  Seo  Martin's  Outlines  of  an  Attempt  to  establish  a  Knowledge  Of  Si* 
traneoua  Fossils  on  Scientitic  Principles,  p.  150. 

il  Tkriunson'a  Organie  BamafaM,  vol.  i.  p.  208. 
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■lems  belong^injr  to  that  class."*  Here  the  tra^s  of  the  woody 
tissue  are  very  distinct,  and  the  structure  but  little  altered.  This 
fossil  is  only  found  in  the  superior  strata;  but  the  remains  of 
ve^tables  are  likewise  abondant,  as  might  be  aoticipated,  in  the 
cou  formaUon,  whmre  however  they  oecur,  in  general*  more  entirely 
nelaiiMirphoaed.  The  annexed  figure  ie  a  repreaentaton  of  a  atro- 
bilna  or  cone  of  a  piaoi  (Pihiff  anitguay)  which  has  been  eompletaly 
e«bonised. 


11.  The  transformation  in  some  cases  is  so  complete,  that  thouorh 
the  forms  and  even  the  colours  maybe  preserved,  all  the  elements 
of  nn  organized  beintr  have  been  removed  by  the  mysterious 
operations  of  nature.  Such  bodies  are  im  re  casts  of  the  originals, 
and  it  not  onfrequently  happens  that  branches  of  trees,  or  some 
other  parts  of  vegetables,  or  those  of  animals,  having  been  inclosed 
in  atony  matter,  the  original  sobatance  has  diaappewedt  but  on 
divhiing  the  lapideseent  table,  the  impression  or  the  organized 
bodies  will  be  found  on  one  layer,  and  casts  in  relief  on  the  other. 

1*2.  In  general  the  inferior  surface  of  leaves  is  displayed  in 
relief,  and  the  superior  is  indented.  The  small  veins  and  hairs 
that  mark  these  surfaces  are  occasionally  preserved  in  perfection, 
apparently,  while  not  a  particle  of  animal  or  vegetable  matter  re- 
mains in  the  stone,  the  whole  having  been  volatilized.  The  follow- 
ing figure  exhibits,  a  mould  or  impression  of  a  branch  of  a  tree. 

For  what  piirposps  is  the  minernlized  wood,  termed  Bovey  conl,  applied  ? 

What  class  of  vegetables  must  have  entered  into  the  composition  of  thai 
Btratum  of  fossils?  Why  is  it  more  imporlont  to  study  the  internal  siruc- 
ture  cffonU  ▼egtttablet  than  of  thoae  which  are  recent  f 

Tn  what  manner  may  we  obtain  correct  ideas  of  the  fimns  Of  Vegetablst, 
when  the  original  matter  has  entirely  disappeared  ? 

Which  surfiice  of  a  Leaf  appears  to  have  resisted  most  effectually  the 
tjompnmng  eliect  of  the  strata  in  which  it  has  been  imbedded  f 

*  The  Internal  Structure  of  Fossil  Vegetables  found  in  the  Carbonife- 
rous and  Oolitic  Deposits  of  Great  Britain,  described  and  illustrated.  By 
Henrf  T.  M.  Wiiham,  of  Lartinglon,  F.  G.  8 ,  F.  It  S.  £^  Ac.  Edtnboifr 
1833.  4to.  p.  50.  To  the  finely-exefuted  plates  wliich  nrrompany  this 
work,  we  are  indebted  for  the  figuro  in  the  text,  and  for  those  of  some 
of  the  vegelabie  fossils  represented  in  the  Ibllowing  pages.  Mr.  Witham 
has  oontnboted  much,  by  his  skilfully  conducted  rsBearches,  towards  ob* 
tnining  nn  nrrurate  hnowlrdtro  of  the  internal  structure  of  fossilized  stenii 
of  plants;  and  by  an  improved  method  of  cutting  and  polishing  those 
bcNiies,  so  as  to  adapt  them  for  microscopical  examination,  he  has  been  en- 
abled to  elucidate  their  intimate  organization,  and  thus  to  afford  the  fdOil 
essential  menns  for  ascertaining  their  relative  afHnities  with  the  genera 
and  species  of  existing  vegetables :  a  circumstance  obviously  of  the  highest 
importance  with  regard  to  the  bodies  of  whicli  the  more  characteriatio 
SMlmcUoiT  ^''^^^  and  ctgum  of  fiitetificatioiit  hmwe  very  iwoly  emped 
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with  leaireB  reselling  the  fir  or  yew^  on  shalet  or  limestone ;  on 
the  maigin  of  the  mass  aie  traces  of  some  other  Tegetable»  probaUy 
a  fern. 


*0 


13.  Among  Ihe  fbflsUiae^iWl^ilfyeg^efe^ 

fibandssty  espeoially  in  the  shales  and  araillaceons  sehtstir  ahOTe 

the  coal,  are  those  which  beloncred  to  different  kinds  offems.  It 
is,  however,  very  difficult  to  identify  them  with  living-  species. 
Dr.  Woodward  states,  that  out  of  one  hundred  and  thirty-eight 
specimens  which  he  submitted  lo  the  examination  of  four  eminent 
botanists,  they  were  able  to  point  out  only  eleven  which  bore  a 
decided  resemblance  to  tho»e  now  existing,  and  twenty-three  were 
totally  unlike  any  English  plant.* 

14.  Mr.  Parkinson  laid  some  fossilfisd  fisms,  of  whieh  he  has 
given  figures,  before  Sir  James  B.  Smith,  who  obsenred,  timt 

these  lossil  remains  of  vegetables  are  a  sort  of  botanical  riddles ; 
and  with  respect  to  those  which  appear  to  be  ferns,  the  difficulty 
of  determining  to  what  species  the  several  representations  may  be 
referred,  is  aug^mented  by  their  bein^  so  many  thing^s  which  they 
nearly  resemble,  without  bein^  the  same."  He  spoke  doubtfully 
of  almost  all  of  them,  but  conjectured  that  they  were  all  foreign, 
and  productions  of  a  warm  climate. f  The  annexed  fitrure  repre- 
sents the  impression  of  a  branch  of  fero,  and  others  will  be  givei^ 
in  a  iobssqiient  page. 


What  class  of  vegetable  remains  is  found  most  abundant  in  shalea  and 

clay  slates  ?    What  difTlculfy  opposes  their  acccurate  determination  ? 
What  change  of  climate  appears  to  have  taken  place  in  the  tempemtik 
since  those  vegetables  were  produced  ? 


*  Dr.  Woodward's  Natural  History  of  English  and  Fsceign  Fossils,  1729. 
1  .       .  .  «    ,  . ^    lis,  part  ii.  p.  9. 

volt  t*  PF«  m,  417. . 


vol.  i.;  Catalogue  of  English  FoMils,  part  il.  p.  9. 
t  Faridnsoii^  Organic  IlenMiiDS*  vo' 
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15.  Mr.  Parkinson  questions  the  existence  of  ar?/Ao/i'Me«,  or  fos- 
eil  flowers,  or  at  least  asserts  that  it  is  merely  conjectoral.  He 
says:  "The  tender  and  almost  succulent  substance  of  the  petals, 
stamina,  and  pistilla,  will  furnish  very  little  reason  for  supposing 
that  they  should  resist  a  destructive  resolution,  sufficiently  long 
to  allow  them  to  pass  through  those  chemical  changes,  by 
which  such  duration  would  be  given  to  their  original  forms,  as 
would  secure  their  passing  unchanged  in  their  figure  from  the 
vegetable  to  the  mineral  kingdom." 

16.  The  cj:t«/c7jcc  of  impressions  of  flowers 
/'  in  the  fossil  state,  has  been  fully  established 

/   ,  V^v  ^  by  their  presence  in  specimens  where  they 

^ /  <  /^^         I  are  clearly  developed.  Floral  forms  may  thus 

be  exhibited,  so  that  their  resemblance  to 
those  of  recent  plants  may  sometimes  be 
traced,  as  in  the  marginal  figure,  which  re- 
presents a  mould  or  impression  of  a  radiated 
or  stellated  blossom,  apparently  of  a  syngene- 
sious  plant,  like  the  marigold  or  China  aster. 

17.  It  is  certain  that  "the  earlier  writers  on  this  science  too 
frequently  admitted  resemblances,  when  the  connexion  between  the 
supposed  model  and  the  archetype  were  too  equivocal  to  authorize 
them.   Thus  Mylius  imagined  that  he  traced  the  flower  of  the 

mouse-ear  on  a  flint,  and  the  rose  of 
Jericho  on  a  schist,  from  Manebach, 
both  of  which  M.  Walch  believes 
were  in  reality  merely  impressions 
of  trochites."*  Fanciful  as  the 
analogies  undoubtedly  were  by 
which  some  authors  have  been  led 
to  describe  certain  fossils  as  antho- 
lithes,  there  can  be  no  doubt  but 
flowers  as  well  as  leaves,  have 
sometimes  been  imbedded  in  rocks 
in  such  a  manner  that  their  forms 
have  been  more  or  less  preserved, 
furnishing  casts  or  impressions. 
The  annexed  fi^re  exhibits  a 
beautiful  impression  on  sandstone 
of  a  branch  of  a  tree,  with  long 
lanceolate  leaves  and  blossoms,  or 
rudiments  of  blossoms. 

18.  In  the  case  of  shells,  corals,  or  other  bodies  included  in  lime- 
Why  eannot  the  parte  of  fructification  be  resorted  lo  for  determining  fbt. 

•n  plaiifaif 

Ilave  we  no  exnmple  of  the  preservation  of  those  parts? 
What  errors  oa  this  subject  were  oommitted  by  the  earlier  writers? 


*  Farkinaoo'A  Organic  Remains,  vol.  L  p.  437. 
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stone  and  sandstone  rocks,  the  whole  organic  substance  may  be 
dissolved  and  canied  away,  leaving  a  cavity  in  the  rock  bearing 
the  impression  of  the  foreign  body,  and  in  this  cavity  is  a  mould 
or  cast  of  the  interior.  Thns  the  screwstones,  as  they  are  called, 
have  been  cast  or  moulded  in  the  cavities  of  criuoidal  culumns. 
-  ^Tbm  fliMl«xtiime  mm  of  minefaliBfttioii  or  petrifaction  is  pro- 
dooed  by  a  process  in  addition  to  ibat  jast  dsscribsd,  when  the 
eavity  left  by  the  removal  of  the  sheH  or  coral  is  again  filled  up 
by  crystals  of  calcareous  spar,  deposited  by  water  filtrating' 
tbfoogh  the  ttone.  Sometimes  only  a  lew  crystals  connect  the 
inner  mould  or  cast  to  the  exterior  impression,  but  generally  the 
whole  cavity  is  filled  by  the  spar,  which  thus  represents  truly 
tlie  shape  of  the  original  body,  but  displays  no  trace  whatever  of 
its  internal  texture.  * 

19.  With  respect  to  the  changes  that  organized  bodies  undergo, 
tiiey  most  be  influenced  considerably  by  the  nature  of  the  con- 
taining rook*  In  the  green  sand  almost  aU  the  shells  are  sili- 
eiiad  |  In  the  oolitie  rocks  many  are  changed  to  calcareons  spar ;  in 
the  ^iays  very  slight  changes  have  happened  toany  of  the  organic 
remains.  On  the  other  hand,  the  original  nature  of  the  organic 
substance  has  very  much  influenced  its  mode  of  conserration. 
Echinital  and  crinoidal  remains  are  alnnost  invariably  converted 
to  a  peculiar  kind  of  opaque  calcareous  spar,  in  whatever  strata 
they  occur:  gryphaeae  and  astrsea;  retain  their  laminae ;  inocerami 
and  belemnites  their  fibres. 

20.  As  to  vertebrated  animals,  "  their  soft  portions  have  perished, 
bat  their  teeth,  bones,  and  scales  remain,  either  connected  or  sena> 
rated  in  consequence  of  the  decay  of  the  ligaments,  cartilages,  &e. 
Th»  hatdening  ingredient  of  hones  is  nrincipally  phosphate  of  lime, 
that  of  teeth  is  a  mixture  of  phosphate  and  carbonate  of  lime* 
It  is  generally  the  fact  that  their  gelatinous  or  membranous 
portion  has  been  diminished,  and  their  earthy  admixture  increased, 
by  the  subterranean  chemistry  to  which  they  have  been  subjected, 
and,  in  consequence,  their  specific  gravity  is  much  augmented.^f 

CMagieal  J^mmgemmi  ofMoMrali  and  FcatUs* 

31.  Inhere  are  two  modes  of  formation  to  which  the  origin  of  the 
rocks  composing  the  crust  of  the  earth  mi^ht  he  ascribed.  The  first 
consists  in  the  more  or  less  rapid  consolidation  of  masses  which 
had  been  previously  in  a  dissolved  stale ;  and  tlie  second  in  the  gra- 

How  are  screwstones  produced  ? 

On  what  ctranmttsnee  doei  the  degree  of  change  from  a  recent  apeci* 
men  to  its  fossilized  state  mainly  depend!  f 
What  i<«  the  minaiml  which  repisM  oigsniiod  matter  in  the  gieen 

«aud  ibrmatloa? 


*  KncydopfBd*  Metropol.--Treatise  on  Geology,  voL  iv.  p.  MS. 
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dual  deposition  of  solid  matter  from  a  fluid  with  which  it  had  been 
mechanically  or  chemically  combined.  Vast  fields  of  ice,  and 
beds  of  lava,  are  occasionally  or  periodically  formed  •!  pfaeent,  by 
tile  more  eodden  vroeese  of  eolidificalaoii ;  and  lay  era  of  sill  and 
eaady  and  beds  or  traTertin  limfeatonet  are  prodnced  by  the  elower 
method  of  precipitation.  The  inferior  unstratified,  aa  well  as  the 
trap  rocks,  are  usually  eoneidemd  aa  being,  like  those  of  volcanic 
origin,  the  results  of  igneous  fusion  and  conorelation.  But  all  the  ' 
stratified  rocks  are  regarded  as  aqueous  deposits,  and  these,  which 
are  by  far  the  most  numerous,  must  have  owed  their  existence  to 
the  protracted  operations  of  nature. 

2*2.  The  stratified  rocks,  from  the  graywacke  series  to  the  ter- 
tiary and  alluvial  formations,  include  a  multitude  of  distinct  de- 
poaitSf  meet  <of  which  incloee  organic  remalna  derived  fipom  aoc- 
ceaaive  laeea  of  anhnala  and  vegetables,  compaTatively  few  of 
wlilch,  except  in  the  upper  fiomatioiia,  seem  to  have  aay  Vmag 
emmamf  bat  on  the  contrary,  many  of  theae  relics  present  ns 
with  the  foraia  of  strange  beinga  that  ooce  peopled  the  earth,  aad 
which  have  ceased  to  exist  for  countless  ages  past.  Rocks  ar- 
ranged in  strata,  onr  above  another,  may,  by  their  peculiarities  of 
structure  and  contents,  afford  the  means  for  ascertaining  theii  re- 
lative age,  or  rather  order  of  formation. 

23.  "  Geognostic  epochs,"  says  Brongniart,  "are  very  difTereut 
from  chronological  epochs :  the  latter  are  determined  by  the  suc- 
eeaaioii  of  tuiM«  but  aot  ao  the  former,  which  are  foanded  «■  Mm 
snrand  pheaomeim  or  cataatrophiea  that  limit  a  geognoatic  period. 
By  this  term  we  deeignate  the  whole  time  during  which  me  aame 
geognoatic  phenomena  have  taken  place  on  the  surface  of  the  earth* 
i'hese  periods  may  amount  to  numerons  ages,  or  to  only  a  few 

■  years :  thus  the  space  of  time  during-  which  the  granite  dis- 
played itself  over  all  parts  of  the  surface  of  the  globe,  accompanied 
by  the  minerals  which  it  contains,  forms  a  remarkable  geognostic 
period.  That  in  the  course  of  which  the  trilobites  existed,  with 
their  contemporary  organized  beings,  whilst  the  argillaceous 
schists  and  the  carboniferous  and  bituminous  limestones  were  depo- 
aited,  was  another  geognostic  period,  of  which  the  aTciage  duraneii 
of  the  life  of  a  trilooite,  and  the  number  of  the  genevationay  If  It  were 
posaible  to  diacorer  them.  Height  loosely  indSsate  the  duration. 

24.  We  have  another  remarKable  example  of  a  geognostic  period 
in  the  state  of  repose  which  seems  to  have  prevailed  in  the  crust 
of  the  earth,  since  the  existing  continents  have  received  their 
forms  and  limits,  the  sea  assumed  its  level,  and  the  atmosphere 
its  temperature;  since  the  animals  and  vegetables  that  inhabit  the 

In  what  two  modes  may  the  strata  of  the  earth's  crust  have  been  formed  f 
What  k  generally  supposed  to  be  the  origin  of  granite,  gueiss,  and  trap 
rocks  ? 

What  striking  trait  distinguishes  the  ibnil  anlnudii  in  the  lowest  beds 
m  which  their  remains  are  found  ? 
How  are  geological  Rge«  or  periodi  to  be  lUstinguished  fiom  (4lMMiele» 
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•ea,  or  live  on  the  surface  of  the  earth,  have  varied  but  little  from 
*  .what  tb^  a»  at  {iment ;  this  state  tk  lepose,  estaUitlied  by 
obsemtioiisy  all  histoiieal  tcadi^ons,  eoastitntss  tbe  last  geognos- 
tie  period*  tbe  eomnieiieement  of  which  mast  be  dated  at  least 
'ihmt  thevsaad  yean  agOf  aod  whioh  may  extend  £atVL  long  series 
of  a^es  to  oome^ 

25.  "  As  we  are  iornorant  whether  the  arrangement  of  the  dif- 
ferent groups  is  simiiar  over  the  whole  ^lobe,  it  is  impossible  to 
determine  whether  the  geos^nostic  periods  have  been  of  equal 
extent,  and  also  contemporaneous  over  the  surface  of  the  earth. 
For  instance,  whether  since  the  ammonites  and  the  belemnites 
have  ceased  to  live,  and  the  chalk  to  appear  in  Europe,  in  order 
to  be  soeceeded  -by  the  eerites  sad  the  tertiary  deposits,  the  first 
oieatioiied  eephalepodovs  moUnses  have  not  eontinoed  toezisly 
and  the  ehalfc  to  be  defiosited  in  India  and  in  Ameriea** 

26.  From  the  preceding  obssrrationst  it  mast  be  condaded 
that  though  certain  European  groups  or  formations  may  be  charac- 
terized by  the  presence  of  particular  fossils,  the  same  formations 
may  occur  in  other  quarters  of  the  world  unaccompanied  by  such 

*  fossils,  or  the  fossils  may  be  found  in  rocks  differing  in  mineralo- 

f^ical  composition  from  those  in  which  they  appear  in  Europe, 
tis,  however,  a  point  of  importance  to  be  enabled  to  discriminate, 
by  reference  to  their  eenlents,  the  rocks  of  a  single  continent,  or 
even  those  ef  any  one  eonntry ;  and  than  iari  at  least,  it  may  be 
adfliitled  that  geognosde  oiyetology  has  adraiced.t 

Primordial  or  Inferior  Hocks, 

97.  These  roeks  sie  negatively  charaeterixed  by  the  absenee 
of  any  organic  rsmains,  or  congrlomenAed  fraements  of  transported 
matter ;  whence  it  may  be  infened  tiiaty  nowerer  they  might 
have  been  produced,  they  underwent  the  process  of  consolidation 

in  a  short  space  of  time ;  unlike  the  sedimentary  rocks,  which  were 
formed  by  gradual  and  successive  deposition.  It  is  also  supposed, 
that  since  there  are  no  relics  of  animals  or  vegetables  in  the  strati- 
fied inferior  rocks,  their  formation  must  have  preceded  the  existence 
of  organized  beings  on  the  surface  of  the  earth. 

98.  The  inferior  rocks,  (including  in  that  appellation  the  gray- 

How  might  we  caloulftte  the  dumtion  of  the  period  in  which  carboni- 
ferous limostone  was  formed? 

What  extent  of  oliservationB  would  be  necessary  in  order  to  determine 
the  relative  duration  of  geognostic  periods  ? 

What  dapes  of  leeks  are  wholly  deititate  of  ormnie  femaiost 

What  may  we  infer  respecting  the  time  at  which  animals  first  existed* 
compared  with  that  at  which  primitive  strata  were  at  the  sur&ce  of  the 
globe  ? 


*  Tableau  des  Terrains  qui  composent  VEcotee  du  Globe.  Intiod.  pp.  8, 9. 
t  The  observation  of  strata  and  the  examination  of  fbssUs  pfove  thst 
•very  £ttiopean  iicoup  ha«  its  e^uivdent  ia  Aaiarice^— £im 
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wacke  formations,  from  w  liich  some  of  the  lower  jocks  can  scarcely 
be  distinguished)  the  gnmd  repoMtories  of  miasnl  bodies. 
Amonpr  tham  ve  ibaod  the  metftlt  tnd  metsltie  one,  the  geme, 
and  other  tare  and  curioiie  mbieTal  eompoonde.  These,  indoMt  oe- 
eaaionally  oecur  in  the  ascending  strata ;  but  it  will  in  general  be 
evident  tiiat  such  minerals  have  been  detached  from  their  ori- 
ginal sitnati(»n8,  and  dispf^rsed  by  some  convulsions  of  nature;  as 
is  the  case  with  diamoruls,  which  are  found  enveloped  in  the 
cascalhao,  a  comparatively  recent  deposit  in  Brazil ;  with  the  gold 
dust  obtained  from  fluviatile  sands,  and  the  stream-tin  of  Corn- 
wall. 

99,  Some  metale,  ae  tin»  tungsten,  and  molybdeoa)  Cte  alinost 
oxoloeiTely  the  pmdaoe  of  the  primoidlal  foelnt  or  are  imm^ 
lately  denved  from  them ;  and  gold,  aihrer,  lead,  eopper,  iron« 
cobalt,  zinc,  manganese,  arsei^t  and  mercury,  are  abundant 

disseminated  through  rocks  of  this  class,  in  veins,  beds,  strings, 
or  detached  nodules ;  and  many  })rimitive  districts  are  charac- 
trrizpd  by  the  metalliferous  deposits  they  contain.  "Nothing  can 
be  more  beautiful  than  the  dru.si/  cavities  met  with  in  primitive 
mountains,  whose  walls  are  lined  with  pure  and  variously  tinted 
and  crystallized  topaz,  beryl,  rock  crystal,  fluor  spar,  and  calcareous 
■par;  the  sneiss,  ^anite,  and  miea  alate,with  their  tntMoMemtals 
giaiifa  of  sapphire,  chrysolite,  and  garnet;  and  the  setas  in 
granite,  clay  slate,  and  other  primitive  rocks,  with  their  emeraldSy 
axiflilea  and  spinel  rubies,  afford  to  the  minetalogist  liigfaly  inte- 
resting  combinations."* 

30.  Observations  on  the  deposition  of  silica  from  the  water  of 
hot  springs,  together  with  the  supposed  impossibility  of  forming 
some  mineral  compounds  by  fire,  induced  the  geologists  of  the 
school  of  Werner  to  ascribe  the  production  of  granitic  rocks  to 
water.  But  the  discoveries  of  Sir  James  Hall  and  Mr.  Gregory 
Watt,  relative  to  the  effect  of  sradual  cooling  on  carbonate  of 
lime  and  other  bodies  fused  by  neat,  causing  them  to  assnme  m 
crystalline  structure,  invalidated  the  arguments  derived  from  the 
second  consideration;  and  subsequent  researches  afford  abundant 
evidence  of  the  igneous  origin  of  granitic  rocks  and  their  indnded 
minerals. 

31.  Mitscherlich  found  that  the  slags  from  iron  smelting-fur- 
naces  are  often  crystallized,  have  the  form  of  augite,  and  agree 
with  it  in  chemical  composition.  He,  also,  by  exposing  to  intense 
heat  the  substances  of  which  certain  minerals  consist,  obtained 
erjstals  of  those  minerals ;  thus  producing,  artificially,  amphibciii 
mica,  and  hvacinth.  Berthier,  likewise,  formed  silicates  of  maugat^ 
nese,  as  well  aa  of  iron,  in  his  furnaces,  and  obtained  Uiem  regidarly 

In  what  rocks  are  the  mineral  reposiloiiss  chiefly  ibund  ? 

Whv  was  the  origin  of  the  primitive  locks  refiunred,  by  the  Germsn 

geologi£L8,  to  aqueous  deposits  I 


*  finofdoiNBdja  of  Geograpliy,  pt.  ii.  book  ii.  p.  220. 
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ciJfBtallized.*  Aidiikitting«  then,  that  granitic  rocks  and  those 
with  which  they  are  more-  directly  asaoclaled  were  formed  by 
consolidation,  aliBr  havlDg  been  fused  by  heat,  it  must  be  manifest 
that  if  shells  or  other  parts  of  livvkg  beings  had  entered  into 
their  composition,  no  traces  of  them  would  have  remainnd,  since,  as 
to  structure,  at  least,  they  must  have  undergone  utter  destruction. 
The  primordial  rocks,  therefore,  may  be  regarded  as  being  dis- 
tinguished by  the  absence  of  organic  remains  and  being  the 
ehief  repositories  of  minerals. 

Suhmidkd  Moeke^ 

32.  With  respect  to  these  rocks  and  the  higher  strata,  bar  apaee 
will  admit  of  only  a  few  notices  of  the  characteristic  fossils  oi  th« 
aereral  rocks  or  formations,  with  desehptions  of  some  of  the 
more  curious  and  important. 

The  submedial  or  transition  rocks  are  not  unfrequently  so  inter- 
mixed with  the  stratified  primordial  rocks,  that  it  is  ditficult  to 
discover  the  distinction  between  them.f  Viewed  on  the  large 
scale,  they  consist  of  a  stratified  mass  of  arenaceous  and  slaty 
rooks,  interminfled  with  patches  of  limestone,  which  are  often 
continuous  for  considerable  distances.  The  arenaceous  and  slate 
beds*  considered  generally,  bear  evident  marks  of  mechanical 
origin,  but  that  of  Uie  included  limestones  may  be  more  qoestion- 
able.":j: 

^^nvhat  exjMsriments  was  its  igneous  origin  rendered  probable  ? 
Whet  materials,  found  in  other  formations,  are  wholly  wanting  in  the 
primordial  rocks  ? 
What  muBl  have  been  the  origin  of  beds  of  sand  and  slate  ? 

» 

*  See  Johnston  on  Chemistry,  in  Rep.  of  Brit.  Assoc.  1832,  p.  486 ;  Cuvier 
Discours  sur  les  Progrds  r^cens  de  la  Chimie,  pronounc4  en  Mai, 
dans  une  Seance  des  Quatre  Acad^mim;  and  Annalcs  dca  Mines. 

t  This  difficully  is  fully  admitted  by  one  of  the  latest  writers  6n  system- 
atic geognosy.  "Some  of  the  rocks  constituting  the  primitive  group  are 
continue,  and  still  more  developed  in  the  transition  group ;  as  the  ar|^!- 
laceooB  schists  and  calcareous  rocks ;  and  othera*  as  the  quartz  and  tho 
graywacke,  ore  intimately  ponnectod  with  the  primitive  quartz  and  scliists  ; 
so  that  it  might  be  supposed,  that,  from  the  lowest  graniles  to  the  upper 
transition  rocks,  there  was  only  one  grand  perifld.** — TtaU4  de  Oen^nosie ; 
mis  en  Rapport  avec  Vlnfrod.,  pub.  en  1828,  par  M.  D'Anhitisson  <h'  Vohins. 
Par  Amedin  Bwaf.  1834.  torn.  i..  p.  209.  IIc!:re  M.  Bnrat  propo<?es  a 
division  of  the  transition  rocks  inio  two  parla  or  classes.  Mr.  De  la  Beclie 
remarks,  that  <*  towards  the  lower  part  of  the  granwaoke  groupe  its  Ibssili- 
ferous  character  disappears,  and  the  presence  of  rrysfalline  rocks,  appa- 
rently of  contemporaneous  origin,  becomes  more  common.  This  change 
varies  much  in  different  countries ;  but  in  general  ihe  slaly  rocks  gradually 
prevail,  presentmg  a  very  groat  thickness  of  ai^llaeeous  schists.  We 
seem  to  navo  arrived,  in  \}\o  (\o'-ccn<ymr^  order,  at  a  state  of  the  world 
when  there  was  a  conihinalion  ol  those  causes?  which  have  produced  ibs 
sililbroua  and  non-tossiiilcrous  rocks." — Geol.  Man.f  p.  422. 

I  De  la  Beche*8  Geol.  Man.  p.  414. 
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33.  It  is  in  the  calcareous  rocks  of  this  class  chiefly  that  orga- 
nic remains  are  found  ;  for  tlie  oraywacko  saiuistoiies  appear  to 
contain  none,  and  the  transition  blatea  relatively  few.  The  vege- 
table fossils  found  in  these  rooks  are  seldom  in  snch  a  state  as  to 
aJffbrd  traces  of  their  analogies  with  those  of  living  plants.  So  far 
as  can  be  determined  from  those  which  have  been  made  oat»  it 
appears  that  the  same  kind  of  vegetation  probably  prerailed 
during  the  period  in  which  these  formations  took  place*  as  dttrin|r 
the  depositions  of  the  carboniferous  rocks. 

34.  As  to  the  animal  fossils,  liu  y  are  generally  derived  from 
the  lower  orders  of  bein«^s,  consisting  principally  of  zoophytes, 
radiated  animals,  conchifers,  molluscs,  and  crustaceous  animals. 
A  few  ichthyolltes  have  been  found*  lodicatinjr  the  existence  of  at 
least  one  genus*  and  two  or  three  species  of  fishes.  These  rooks 
contain  a  mixture  of  gienmi  of  animals  inhabiting  the  seas  and 
oceans  of  the  present  day,  and  of  others  which  are  now  not  known ; 
but  the  speeiea  have  all  become  extinct. 

35.  Amoiior  the  more  remarkable  animal 
fossils  are  the  trilobites,  (see  marginal  fifrure,) 
loii^  known  in  England  under  the  appellation 
of  **  Dudley  fossils,"  from  their  freqjuent  oc- 
currence in  the  Dudley^  limestone.  They  are 
found  so  abundantly  in  the  mountain  lime- 
stone, in  different  parts  of  England,  as  to  be 
characteristic  of  that  formation.  Specimens 
have  also  been  discovered  in  Germany 
Sweden,  and  America.  Another  kind  of 
trilobite  (.isaphifs  dehuchii)  is  so  abundant  in 
some  parts  of  Wales,  that  the  laminae  slates 
are  charged  with  them,  and  millions  ])robably 
lived  and  died  iioL  far  irum  the  places  where  we  now  discover 
their  remains.  A  great  number  of  species  of  these  fossils  are 
found  in  the  limestone  beds  at  Trenton  falls.  New  York*  and 
other  parts  of  the  United  States.*  A  variety  of  conjectures  have 
been  hazarded  with  regard  to  these  extinct  animals*f  which  ap- 
pear to  have  been  Crustacea. 


What  is  the  character  of  the  Ibsails  ibund  in  transition  limestone? 
Whnt  orders  of  animals  appear  to  have  existed  at  the  time  the  tiansitioa 

roeki*  were  formed  ? 

How  arc  tho  ioaail  fiMhes  of  the  transition  group  characlerized,  compared 
with  recent  genera  and  species? 
What  clohs  of  ibesils  is  Ibuad  particularly  abundant  in  the  old  transifjon 

limestone  I 


*  See  Dr.  Jacob  Green's  Monograph  of  American  Trilobites    Also,  the 

Traiimmiions  of  the  Geolocr'cal  Society  of  Pennsylvania,  ibr  a   

of  Borao  non-descript  Trilobites,  by  Dr.  Harlan.— En. 

t  SCO  Parkinson's  Oiganie  Kemaius,  vol.  iii.  pp.  271.  275. 
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36.  The  crinoid  animais  constituted  a  once  nameroua  class  of 

/.oophyleB,  some  genera  and  species  of  which  have  continned  up 

to  the  present  day  ;  while  othof^,  which  are  found  in  various  rocks, 
have  disappeared  from  amonjr  living  animals.  The  lily  encriiiite 
(see  preceding  figure)  belongs  to  the  mountain  linnestone,  and  its 
remains  form  extensive  strata  of  that  rock,  of  which  a  representa- 
tion has  been  given  in  a  preceding  page. 

87*  In  iMwet  Saxonr  mid  West^alia,  also,  this  stone  is  so 
abandant  as  to  be  used  for  huildiiiff ;  and  is  oompoaed,  like  the 
Derbyshire  marble,  chiefly  of  entrochal  colamns  or  stems  of  the 
encrinite;  but  specimens  of  the  body  are  very  rare.  These  animals 
were  composed  of  a  multitude  of  small  bones,  forming  a  vertebral 
column,  probably  attached  at  its  basis  to  the  surface  of  ronks, 
and  surmounted  by  a  cup,  from  the  edge  of  which  proceeded 
digitated  processes,  the  removal  of  the  outer  portions  of  which,  in 
the  preceding  figure,  shows  the  cluster  of  tentaculaby  which  they 
were  terminated.  The  whole  skeleton  must  have  been  involved 
in  a  thick  fieshy  covering. 

Another  highly  interesting  genus  of  fossils  found  in  the  transi- 
tion scries,  particularly  the  upper  beds  of  that  formation,  is  the 
pentremites,*  first  discovered  and  named  by  the  late  distino-uished 
naturalist,  Thomas  Say,  Esq.  It  is  of  a  radiating  or  star-shaped 
fiofiire,  and  appears  to  have  been  fixed  by  the  centre  to  an  articu- 
lated column. 

In  what  lodn  are  crinoid  SamiU  discovered ! 
In  what  manner  were  the  encrinitet  oonitimted  f 


♦  See  iho  Paper  of  Mr.  Troost.  in  the  Trans,  of  the  GeoL  Soc.  of  Penn.. 
Tot  1  p.  224, 
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38.  Among  the  corals  are  found  some  genera 
of  which  there  are  exifituiJ^  species.  The 
annexed  iigare  represents  a  mad  reponte*  **  It 
appears  to  have  been  imbedded  in  a  hard* 
efose-^rained  limestone,  of  a  pale  yellowish 
colour,  part  of  which,  containinof  fragments 
of  shells  and  other  mnriiie  remnins,  still  ad- 
heres to  the  madreporite.    'i'he  madrpponte 
itfelf  is  formed  of  a  spathose  substanre 
strongly  impregnated  with  iron  ;  as  is  the 
case  with  all  the  fossil  madiepores  found  at 
Steeple  Ashton,  the  locality  of  this  fossil.*** 
39.  Notwithstanding  there  is  a  lelatively 
small  proportioa  of  organ i    remains  in  Ihe 
submedial  rocks,  it  is  evident  that  they  must 
have  been  deposited  when  the  atmosphere 
was  adapted  to  the  vegetation  nt'])larits,  and 
when  the  s'-a  was  capable  of  air()r<iin«r  habita- 
tion and  food  fur  various  kinds  of  animals; 
and  though  no  remains  of  terrestrial  animals 
have  been  preserved,  it  is  at  least  probable  that  such  existed,  for 
whom  the  vegetables  served  as  food.  Of  the  marine  animals,  T^st 
moltitudes  have  utterly  perished,  without  leaving  any  traces  be* 
hind.      Mere  fleshy  creatures  may  have  existed  in  myriads, 
without  any  of  them  havinjr  been  transmitted  to  us.    In  proof  of 
this,  if  any  were  requisite,  we  may  inquire  what  portion  of  those 
myriads  of  lleshy  animals  which  now  swarm  in  some  seas,  (as  the 
medassR,)  could  be  transuiitted  as  organic  remains  to  future 
ages/'t 

Medial  Mocks, 

40.  The  formations  of  this  class,  eonstitutinsf  the  ^medial 
order**  of  Conybeare,  are  included  among  the  floetz  or  Hat  rocka 
of  Werner,  and  by  other  geologists  have  been  regarded  as  forming 
the  lowest  group  of  secondary  rocks.  They  comprehend  the 
principal  deposits  of  coal,  or  great  coal-fields  ;  and  benee  the  term 
carboniferous  has  been  trenerally  appli<ul  to  iheni.  The  lowest  of 
these  rocks,  termed  tlie  old  red  sandstone,  contains  but  few  or- 
ganic remains  ;  and  so  far  as  they  iiave  been  observed,  they  ap- 

To  what  great  divieion  of  f(miU  doos  the  madreporite  belong? 

What  mn^f  tmvo  hf^o.n  the  eondiiioa  of  the  aUnosphere  when  the0uh> 

medial  roi'kij  wore  forrri.>J  ? 
What  clanes  of  aniraote  have  left  no  fomil  remains  t  , 

By  what  di/Terent  imrv  h  have  tlio  inodial  r<)(  ks  been  designated? 

Whif.'li  is        Ifjwfst  ol  'hm  p^roup  of  fiirrnatioiis  ? 

\\  hut  lerni  haa  been  uppiieU  lu  liic  rocks  of  this  class  in  coniioqueace  uf 
their  containing  coa!  ? 

What  organic  remains  are  found  in  carboniferous  sandstone? 

*  FiuhinMin'a  Oraanic  Remains,  vol.  ii.  p.  67« 
t  Pe  la  Beche*t  Qeol.  Man.,  p.  4Sd. 
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pear  to  bo  of  a  similar  character  with  those  io  the  stiate  im* 

mediately  below  or  next  above  this  sandstone. 

41.  The  mouiUain  limestone,  also  termed  carboniferous  lime- 
stone, presents  considerable  analogies  with  the  transition  lime- 
stone, relics  of  corals  and  radiated  animals  being  inclosed  in  it, 
especially  tbose  of  the  encrinites.  It  is  usually  of  a  gray  colour, 
and  granular,  bat  sometiroei  of  a  foliated  texture,  parllettlarly 
where  it  comes  in  contact  with  trap  rocks*  Some  yarietiee  are  im<* 
pregnated  with  bituminous  or  carbonaceous  matter,  and  are  of  a 
black  colour,  as  the  marble  called  luoallite.  Lead  ore,  and  occa- 
eionally  the  ores  of  zinc  and  copper,  occur  in  this  rock,  which  has 
therefore  been  c;i11(mJ  metalliferous  limestone.  It  seems  to  be  the 
most  recent  fonnaiion  in  which  metals  are  found  in  veins,  which 
seldom  rise  into  the  coal  strata;  and  when  they  do  they  soon  ter« 
minate. 

43.  The  eoal^meaattres^  as  they  are  technically  termed,  inelnding 
the  associated  beds  of  shale,  clay,  and  ironstone,  compose  tfie 

highest  formation  of  medial  rocks ;  though  they  are  not  exclu- 
sively confined  to  this  series.^  This  valuable  mineral  is  generally 
deposited  in  basin  or  trough-shaped  hollows,  of  various  extent, 
from  one  to  many  miles ;  and  it  sometimes  covers  lar^e  areas, 
which  may  at  a  distant  period  have  been  deltas  over  which  great 
rivers  dispersed  immense  piles  of  vegetable  matter,  such  as  are 
now  collecting  at  the  mouth  of  the  Mississippi.  The  manner  in 
which  coal  and  the  alternating  strata  are  nsnally  disposed  has  been 
described  already,  and  illustrated  by  a  section  of  the  coal-basin  in 
the  hill  of  St.  Giles,  near  Liege. f  In  the  great  coal-field  of  South 
Wales  the  strata  are  arranged  in  a  vast  trough,  over  a  tract  nearly 
100  niilo?  in  len<Tth,  and  from  5  to  20  in  breadth.  It  contains 
twenty-three  beds  of  workable  coal,  the  thickest  nine  feet 
deep ;  and  in  some  parts  there  are  sixteen  seams  or  layers  of 
ironstone.  ^: 

The  coal  fields  of  the  United  States  extend  through  large 
portions  of  Pennsylvania,  Ohio,  Maryland,  Virgiiiia,  luntoclLy, 
Tennessee,  Indiana,  Illinois,  Missouri,  Alabama,  and  Arksnsas^  to 
points  within  500  miles  of  the  l^ocky  mountains. 

43*  Dr.  Hutton  ascribed  the  formation  of  coal  to  aoemanUtions 

What  ones  in  mountain  limestono? 
What  are  the  cbiet'  varieties  ol  this  limestone? 
Which  ig  the  highest  formation  of  metlial  rocks  f 
In  what  manner  aro  coal  measures  usually  arranged? 
What  examples  of  nccumulating  vegetable  matter  may  illustrate  the 
probable  mode  of  deposition  in  the  coal  beds? 


*  "  Le  carbonc  n'nppsrtient  pas  exclusivement  au  terrain  houiller.  Nous 
aTons  vu  former  des  amas  et  des  conchcH  f>\ jilnifnblos  dans  In  terrain 
transition,  et  il  se  pr^entera  encore  dans  dos  lurmations  posterieures ;  mais 
il  y  atteint  son  maximom  d'abondatico,  et  devtent  un  caractdre  presque 
constant." — ^Burat  jyaitd  de  Qecgnodt,  torn.  i.  ow  274 

t  See  387. 

t  Bake  well's  Introd.  to  Gcol.,  p.  152. 
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of  carbonaceous  matter,  from  various  sources,  at  the  bottom  of  the 
•ea ;  but  geologists  at  present  seem  to  be  generally  disposed  to 
regard  this  mineral  as  a  deposit  fVom  fresh-water,  consisting  prin- 
cipally of  re^etables,  which  became  submerged  in  lakes,  some- 
times  occapyug  the  spot  on  which  they  had  grown,  and  into  which 
descending  torrents  washed  the  clays  and  sands  furming  the  beds 
interposed  between  the  several  strata  of  coal.  These  depositories, 
however,  must  have  been  occasionally  overflowed  by  the  sea  ;  for 
in  some  instances,  beds  of  laaiiue  shells  are  found  between  those 
of  coal. 

44.  That  the  coal  strata  have  been  partly  formed  by  plants 
ffrowing  on  the  spot  appears  from  the  repeated  examples  which 
haye  b^n  adduced  of  stems  of  trees  fonnd  in  coal  mines,  in  a 
verii(  al  position  with  their  roots  imbedded  in  the  strata  below. 
Mr.  Witham  mentions  the  occurrenoe  of  such  stems  in  the  Der- 
went  mine,  near  Blanchford,  Durham  ;  and  of  numbers  of  fossil 
vefretables,  chiefly  sigi//(ir/;r,  erert,  with  their  roots  imbedded  in 
a  small  seam  of  coal  undfr  the  sandstone,  and  all  truncated  on  the 
line  of  the  hio^h  main  coal  bed,  to  the  formation  of  which  the  tops 
probably  contributed.*  A  curious  instance  of  similar  appearances 
IS  noticed  by  Mr.  Wood,  as  having  been  observed  at  Killinffworth 
eollieiy,  in  the  same  district.  There  were  many  fossil  tre^s 
rising  perpendicularly  10  feet  through  various  strata  of  shale  and 
sandstone.  They  w^ere  filled  with  sand,  resembling  that  of  the 
upper  bf;ds ;  so  that  they  must  have  been  hollow  when  those  beds 
were  deposited. f 

45.  Mr.  Witham,  in  a  subsequent  publication  to  that  just  quoted, 
has  given  an  account  of  some  interestinpf  researches  concerning 
ihe  structure  of  fossil  plants  found  in  the  carbuuiferous  strata. 

In  the  neighbourhood  of  Coldstream,  on  the  banks  of  the 
Tweed,  numerous  fossil  vegetables  occur  imbedded  in  (^ale^  be- 
longing to  the  carboniferous  group.  Stems  of  trees  are  foond 
contorted  and  flattened,  as  if  they  had  been  subjected  to  extreme 
pressure.  The  longest  stem  obtained  was  not  much  more  than  4 
f^'et,  and  the  lowest  part  of  it  about  6  feet  in  circumference. 

46.  In  18'2i)  an  enormous  trunk  was  exposed  in  the  lowest 
bed  of  Oraiirleith  quarry,  near  Edinburgli,  at  the  depth  of  up- 
wards of  1.3G  feet.  The  length  of  this  trunk  was  3(5  feet,  and  its 
diamater  at  the  base  3  feet.  It  lay  in  a  nearly  horizontal  position, 
corresponding  with  that  c^the  stratum  of  hard  white  sandstone  in 
which  it  was  imbedded.  It  was  incased  in  a  layer  of  coaly  mat- 

Whal  account  did  Iliiiton  give  oftliese  bedl? 
How  do  modem  geologisu  regard  them  ? 

What  iacts  prove  that  the  vegetables  contributing  to  the  coal  bed* 
fiomctiraos  grew  on  the  spots  where  they  now  repose  ? ' 
Into  what  form  is  the  crois  sectioa  of  imbedded  trees  found  to  be  changed? 


*  Observationa  on  Fossil  Vegetables.  1831.  p.  7. 
^  D»  la  Becbe,  from  Traos.  of  Society  of  JNaiural  History  of  Newcastle, 
m  i. ;  and  l^indley  and  Huston's  FmA  Flora  of  Great  Ntaln. 
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ter,  bein^  probably  the  altered  remains  of  the  bark."  From 
analysis  it  was  found  to  be  composed  of  carbonate  of  lime,  60 
parts;  oxide  of  iron,  18;  alumine,  10;  and  carbonaceous  matter, 
9.  Its  interior  structure  resembled  that  of  ihe  coniferae. 

47.  *'In  November,  1830,  a  magnificent  fossil  stem  was  dis- 
covered in  the  same  quarry,  which,  in  rreological  position,  is 
situated  in  the  mountain  limestone  group,  and  lies  considerably 
below  the  great  coal  basins  of  the  Lothians." 


48.  *'The  len-^ili  of  the  stem,  (see  preceding  figure,)  from  the 
base  to  the  top,  was  47  ft.  It  presented  the  appearance  of  a  large 
branchless  trunk,  in  some  parts  greatly  flattened,  so  as  to  form  an 
elliptical  section."  Dimensions:  A,  diameter,  5  ft.  by  2  ft. ;  B, 
C,  2  ft.  8  in.  by  1  ft.  5  in. ;  D,  E,  2  ft.  7  in.  by  1  ft. ;  F,  1  ft.  10  in. 

What  was  the  composition  of  tho  fossil  troo  found  at  Craigleith  quarry? 
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by  1  ft.  3  in. ;  G,  1  ft.  7  in.  by  1  ft.  4  in.  ;  H,  supposed  prolonga- 
tion of  the  tt»|)  of  the  stem,  1*2  ft.  j  1,  upper  part  of  the  tree  first 
discovered,  showing  a  cavity,  the  teat  of  abraneh.  Tite  soperiii'- 
eombent  mass  must  have  been  above  100  feet  in  depth*  The  bark 
was  converted  into  coal.  This  foeeil  also  exhibits  the  nsnal  struc- 
ture of  the  conifereR,  and  appears  from  analysis  to  have  consisted 
of  carb.  of  lime,  62;  carb.  of  iron,      ;  rnrbon,  5.  :  sp.  err.,  9.^7. 

40.  A  third  fossil  stem  of  a  similar  character  was  found  in 
in  the  same  quarry.* 

Messrs.  Lindley  and  Hutton,  in  their  "Fos&il  Flora,''  vol.  i.  p. 
y,  pi.  ii.,  have  described  the  trunk  of  18-20  and  that  of  1830,  under 
the  appellation  oi  Pinitu  wiihami  i  ardhave  named  that  of  1831, 
PtuUen  meduUarif* 


Some  remarkable  vegetable  fossils  have  been  obtained  from  the 
Northumbrian  coal  mines ;  one  of  which  is  shown  in  the  pieceding 
figure.  ^ 

The  specimens  "consist  of  sub-cylindrical  or  slif^btly-<^om- 
pressed  dichotomous  stems.  The  surface  is  covorrd  by  a  thick 
envelope  of  carbonaceous  matter,  presentinjjf  indistinct  protube- 
rances arrangpRd  in  spiral  series,  and  beneath  which  are  observed 
papilla;  of  diL  elliptical  form,  iup  lier  than  broad.  The  above  figure 
represents  a  portion  of  one  of  Uie  stems,  denuded  of  its  carbona- 
oeoos  covering."! 

What  were  the  dimonsioiis  of  ihe  largest  specimen  found  a?  the  same 
place  ?    How  many  }>er  cent,  uf  carbon  were  ibund  m  its  cuniposition  7 

What  is  the  exterior  appearance  of  the  fossil  stems  found  at  tibie 
Northumbrian  coal  minet. 

*  Witham's  lllusirauons  oi  Fuwsil  Vegetables,  sect  iii. 
t  Widuun'a  IUustratkins»  p.  58. 
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5Q.  The  marginal  fiffofe  ezhibitt  R 

lonnritndinal  section  oi  a  part  of  one 
of  these  fossils,  in  which  the  central 
axis  or  pith  is  entirely  filled  by  cal- 
careous sj)ar,  and  a  tube  of  carbona- 
ceous ruattor.  From  the  axis  emanate, 
on  all  sides,  cylindrical  processes, 
consisting  of  eeltular  tisstte*  with 
central  fasciculi  of  vessels.  They  proceed  obliquely  npwaids  and 
outwards,  and  terminate  in  the  papillary  eminence  on  the  snrfoce 
of  the  stem,*       ^^V^  • 


61.  These  processes  are  seen  cat  obliquely  in  the  foregoing 

figure,  representing  a  transverse  section  of  the  stem,  the  processes 

appearincr  as  white  oblontr  markinirs  dispersed  in  the  brown  pa- 
renchymatous tissue. f  The  planW  evidently  belongs  to  the  vas- 
cular cryptogamic  class,  and  appears  to  be  allied  to  the  lycopodia* 


Whnl  mjtcrinls  nre  found  in  the  interior  of  the  mass? 

To  what  clma  of  vegctublcs  havo  llioae  atema  been  suppofted  to  belooff  ? 

Why?  • 


*  Wilhom's  llluMtraiions,  p.  58. 


t  Idem,  o.  ddb 
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62.  The  preiredingr  figure  represents  a  tranverse  section  of  the 
Lycopodium  davatum,  exhibiting  the  same  kind  of  cellular  struc- 
ture and  central  axis,  as  appears  in  the  fossil  stem. 


An  oblique  section  of  a  process  of  the  Lycopodium  clavafum,  showinor 
the  structure  of  the  tissue,  of  which  there  are  traces  in  the  fossil.* 
53.  To  the  plant  which  produced  the  Northumbrian  fossils,  Mr. 
Witham  has  assigned  the  name  of  Lepidodtndrun  harcourtii.  He 
has  examined  and  described  the  structure  of  fossil  plants  belong- 
ing to  four  distinct  genera :  Pinites,  pitus,  anabathra,  and  lepi- 
dodendron  ;  including  nine  species.  From  the  sections  of  fossil 
stems  found  in  the  coal  strata  and  mountain  limestone,  he  infers 
that  **  these  combustible  beds  were  masses  of  vascular  and  cel- 
lular cryptogamic  plants,  mixed  with  gymnospermous  phane- 
rogamic trees,  or  others  of  a  closely-allied  structure;"  and  not 
entirely  of  vascular  cryptogamic  vegetables,  as  some  have  sup- 
posed.! 

51.  Branches  and  leaves  of  plants,  especially  of  ferns,  are  abun- 
dant in  the  coal-measures  and  the  formations  with  which  they  are 
connected.  Numerous  specimens  are  preserved  in  various  cabi- 
nets of  natural  history  ;  two  of  which  are  exhibited  in  the  follow- 
ing figures. 


What  appellation  has  been  applied  to  the  fossil  form  of  the  Northum- 
brian locality?  What  mixture  of  plants  was  probably  once  found  in  the 
region  to  which  they  belonged  ? 

What  classes  of  plants  are  particularly  abundant  in  coal  beds  ? 

*  Besides  the  preceding,  Mr.  WiJham  has  given  several  other  interesting 
magnified  sections  of  din^rent  parts  of  these  fossils, 
t  lllusiralions,  sect  i.  p.  10. 
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Supermedial  Mocks, 

*     55.  The  penean  or  lower  group  of  these  rocks  consists  partly 

of  new  red  sandstone,  with  beds  of  marl,  and  also  gypsum  and 
rock  salt ;  and  in  the  bituminous  copper  slates  are  found  the  first 
traces  of  those  immense  reptiles  of  the  lizard  family,  which  are 
60  abundant  in  the  liasic  group.  The  zechstein  ormaenesian  lime- 
stone contains  only  a  few  genera  of  plants,  several  of  shells,  mol- 
lusca,  radiaria,  and  zoophytes,  three  of  fishes,  and  one  reptile. 

5G.  In  the  keupric  group  occurs  a  greater  variety  of  plants  and 
animals,  inolnding  among  the  latter  fiye  or  six  geneia  of  sanrian  rep- 
tiles* Among  the  organic  remains  of  the  muschelkalk,  two  of  the 
most  characteristic  are  perhaps  the  Ammonites  nodosus,  and  the 
Encrinites  moniliformis,  or  lily  encrinite ;  but  the  former  is  also 
found  in  the  higher,  and  the  latter  in  the  inferior  rocks.  Among  the 
red  marls  and  sandstones  by  wiiich  the  shell  limestone  is  some- 
times replaced,  are  likewise  beds  of  rock  salt;  and  from  the.pre- 
sence  of  that  useful  mineral  in  this  and  the  preceding  group,  they 
have  been  described  together  by  some  geologists,  under  the  apj)el* 
lation  of  the  <*Saliferous  System.*** 

57.  The  formations  which  constitute  the  two  following  groups, 
(the  liasic  and  the  oolitic,)  are  peculiary  rich  in  fossil  remains. 
Among  those  of  vegetable  origin  are  lignites,  fossil  wood,  some- 
times siliceous  impressions  and  casts  of  fern,  (see  p.  403,)  cyca- 
dacea^,  and  fuci.  But  these  are  not  the  only  kinds  of  plants.  Mr. 
Witham  found  in  these  groups  three  species  of  a  genus  named 
pence,  peculiar  to  the  lias  and  oolite,  or  at  least  not  occuring  in 
anterior  deposits ;  and  two  species  of  pitus^  which  also  appear  in 
the  monntain  limestone.  From  an  examination  of  these  fossu-trees, 
he  asertained  that  ^eir  tissue,  in  tran?erse  sections,  corresponds 
precisely  with  that  of  ourconifm,attd  more  especially  with  thtt 
of  the  ^enus  pinu»* 

58.  From  the  circumstance  that  the  concentric  layers  or  the  fos- 
sil vegetables,  which  Mr.  Witham  has  described  as  occurin^  in 
the  lias  and  oolite  of  England  being  like  those  of  recent  trees, 
some  much  broader  than  others,  he  infers,  that  the  climate 
which  existed  at  Uio  epochs  wlien  these  vegetables  grew,  re- 
sembled that  of  the  same  country  at  the  present  day,  in  the 
irregularity  of  its  successive  summers.  **The  conifersD  of  tlie 
coal  formation  and  mountain  limestone  group  have  few  and  slight 
appearances  of  the  lines  by  which  the  annual  layers  are  separated; 
which  is  also  frequently  the  case  with  the  trees  of  .onr  present 

What  constitute  the  lower  part  of  the  supcrraodial  rocks  ? 
What  animals  are  found  in  the  lower  members  of  this  series  of  rocks  ? 
What  claBs  of  roclu  conttitute  the  saliferotu  system  7 
Whnt  vegetable  oiganic  remaixu  me  found  amraig  the  liaa  and  the  odi- 
ticgroup  ? 

Tb  wnat  claMes  do  the  fboril  trees  of  this  group  belong  ? 


*  See  EncyclopfBdia  Metrop.— Mixed  Soiences,  v<^.  iv.  p.  GOGL 
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tropical  regions.  It  is  therefore  possible,  that  at  the  epochs  of  these 

formations,  tho  chanjrpa  of  season,  as  to  lempcraturo,  at  least, 
were  not  abrupt."*  lloncii  it  nvay  l)0  concluded,  that  tlie  climate 
of  these  latitudes,  which  resembled  that  of  tropical  countries  when 
the  vegetables  fonninjr  the  cnnl  strata  Ihjiirishcil,  had  become 
more  temperate  and  variable  duriiig  the  growth  oi"  the  plants  im- 
bedded in  the  Uasie  formations. 

59.  fiiit  the  groups  now  under  consideration  are  most  remarka- 
ble en  aecotint  of  their  animal  fossils,  which  are  numerous  and 
interesting.  In  the  lias  the  crinoid  radiaria  again  make  their  ap- 
pearance. 


The  Briarean  pen^acrinite  ia  one  of  those  animals  the  reinaiira 

of  which  are  most  common  in  Engltfnd.  The  preceding  figare 
exhibits  part  of  the  vertebral  column,  and  articulated  processes 
connected  with  it.  These  fossilirrd  nniinnis  v.'ere  akin  to  the 
enrrinites,  from  which  thry  v.tc  characterislicaily  distinguished 
by  the  shape  of  the  hones  coiiijiosin<r  the  Sj  inul  Ci-hiiTiMS.  In  the 
encrinites  they  are  circular  di-ks,  as  nray  he  perceived  by  turning 
to  the  figure,  p.  411,  in  whicli  several  of  these  bones  are  shown 
imbedded  in  mountain  limestone.   The  bones  of  the  pentacrinite 

What  inference  has  been  drawn  from  an  inspection  of  fossil  vegetables  t 

What  changes  nf  r  linmte,  in  I'lC  temperate  zones,  appears  to  have  taken 
nlace  during  Uie  period  from  the  dcpusilion  of  ihc  coal  strata  to  that  of  the 
UBS  groups  f 

For  what  cIam  of  fbssils  are  these  groups  most  remarkable  ? 

*  Illustrations  of  Fossil  Vogetablc<i.  p.  58. 


Digitized  by  Google 

.  I 


ICHTHYOSAURUS. 


in 


m  pentangular.  Multitudes  of  them  are  Iband  detached  in  the*- 
fonnationa  of  the  liasic  and  oolitic  groupa,  and  in  the  higher 

strata;  from  their  figure  they  have  been 
named  astroites  or  star-stones ;  and  they 
are  so  often  met  with  at  Lassington  hill, 
near  Gloucester,  England,  that  they  have 
obtained  ihe  provincial  appellation  of  Las-  / 
sington  Btoaea*'*  * 
60*  The  pentaerinite  ia  one  of  those  fos- 
afl  animals»of  which  there  are  probably  liT« 
ing  analogoea.  The  mamnal  ngare  re  pre-  , 
aents  the  upper  portion  or  i  radiated  ammalf 
described  by  M.  Guettard,  from  a  specimen*' 
obtained  at  Martinique.*  A  pentacrinus, 
differing  from  the  preceding,  is  also  said  to 
have  been  recently  discovered  in  the  West 
Indies;  and  a  smaller  species  more  lately  in 
the  cove  of  Cork.f  ^  ^  ^ 

61.  But  among  the  sin?alar  organs  le- 
tiiains  derived  from  animals  which  ocear  In 
%hese  groups*  the  gigantic  and  monstrous 
laeerte  deserve  particular  notice.  Some  of 
these  inhabited  the  waters;  and  others  flit- 
4ed  through  the  air  like  birds,  or  rather  bats. 
'  62.  The  ichthyosaurus,  so  called  from  its  partly  resembling  a 
dsh  and  partly  a  lizard,^  had  a  head  like  the  latter,  terminatin|r 
anteriorly  in  a  looff  pointed  muzzle,  armed  with  numerous  corn- 
eal teeth.  It  had  a  long  tail,  capable  of  eactenalfB  vibiatory 
motion;  and  its  extnanities  were  /nmished  with  paddlea  of  a 
feculiar  oonstmetion,  (see  subsequent  figure  of  the  plesiosaurus. j 
€3*  The  sueeeedin^  figure  represents  a  part  or  the  head  oi 
the  Ichthyosaurus  latifrons.  The  socket  of  the  eye  measures 
about  9  inches  across,  whence  an  idea  may  be  formed  of  the  enor- 
mous size  of  the  animal  to  which  this  head  belonged.  The 
Ichthyosaurus  communis  sometimes  exceeded  20  feet  m  length  ; 
the  /.  platyodon  appears  to  have  had  jaws  8  feet  in  length  ;  and 
tiie  /.  immmdB  was  a  gigantic  species  of  which  WfmX  bones 
belonging  to  the  different  parte  of  the  skeleton  haYe  been  pre- 
serted  by  British  geologists. 

♦ 

In  what  respects  do  the  pentacrinitet  oT  this  series  difier  fiem  the  «B- 
crinitet  of  the  lower  groups  of  rocks? 
Bv'Whetloeal  nuae  hM  diit  toil  beand&Minffuidied  in  £ngland! 
what  ytm  the  peculiarities  of  ton  in  the  fiui  linudt^j 
Whetwat  thesoeof  iti«ye7 


♦  V.  M^ro.  de  I'Acad.  des  Sciences  de  Pann.  1756. 

t  Bakewell's  Introd.  to  Geology — Prelim.  Obs.,  p.  35.  Mr.  Bakewell  has 
riven  a  representation  of  the  latter  pentacrinus,  from  a  drawing  by  Mr.  J. 
y.  Thompson,  of  Cork. 

t  Ffom  the  GfeekpSSf^e/ift.  and  s««|Mi^aitMniL  * 

8N 
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64.  The  plesiosanri  constituted  another  genus  of  these  sirangre 
swimming  lizards.  Its  limhs  have  analogies  with  those  of  the 
foregoing  animal  :  but  more  elongated  and  flexible.  What,  how- 
ever, especially  distinguishes  it  from  all  oviparous  and  viviparous 
<|uadrupeds,  is  a  slender  neck,  as  long  as  its  body,  composed  of 
thirty  or  more  vertebrap.  An  idea  of  its  general  form  may  be 
obtained  from  the  following  figure,  representing  the  Flesiosaums 
dulichoddru8»  ,  .  ^  - 


**  If  any  thing,"  observes  Cuvier,  "could  justify  those  hydras  and 
other  monsters,  the  figures  of  which  are  so  often  presented  in  the 
monuments  of  the  middle  ages,  it  would  incontestably  be  this 
plesiosaurus."* 

G5.  A  more  grotesque  and  monstrous  animal  than  either  of  the 

What  clrcumttance  distinguishes  the  plesiosaurus  from  all  the  known 
quadrupeds  f 


♦  Theory  of  the  Earth,  p.  257.  For  descriptions  and  figures  of  various 
specie*  of  ichthyosauri  and  plesioeauri,  see  Cuvier  Kecherches  sur  let 
q^emeiia  Foasiles.  {oib.  y,  pt,  ii. 
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pieeediDg,  is  exhiUm  Jfn  the  annexed  figure  of  the  fossil  skeleton 

of  a  pterodactyle,  or  flying  lizard. 
These  fossils  are  not  very  common  : 
(hry  are  found  in  the  limestone  slates 
of  the  liasic  group,  at  Solehhofen,  in 
Germany  ;  at  Stonesfield,  in  Oxford-, 
shire,  and  at  Lyme  Regis,  in  Doraat^^ 
shire.  One  species  was  about  the  sEsdi 
of  a  thrush,  another  of  that  of  a  com- 
mon bat;  and  the  Trains  haye  been  discovered  of  tome  of 
larorer  dimensions.* 

66.  The  wealdon  ^ronp  is  not  less  remarkable  than  the  pre- 
cediiigr,  for  its  fossil  remains.  Among  those  of  vegetable  origin 
may  be  mentioned  the  silicified  trunks  of  coniferous  trees,  and 
lants  allied  to  ihh  recent  genera  ei/cas,  and  zamia^  which  have 
een  found  in  a  stratam  called  the  dlrt^bietf  in  the  Isle  of  Portland. 
Many  of  the  stems  are  still  erect,  as  if  petrified  while  growing 
undisturbed  in  their  native  forest. f 

.  67.  But  the  animal  fossils  discovered  by  Mr.  Mantell  araolig 
the  strata  of  Tilgate  forest,  in  the  weald  of  Sussex,  are  more 
curious  and  interesting.  Besi<lrs  r.^lins  of  crustaceous  and  testa- 
ceous animals  and  fishes,  he  has  b^en  enabled  to  recognise  those 
of  immense  saurian  reptiles,  some  of  which  were  before  unknown. 
To  one  of  these  animals  he  gave  the  appellation  of  iguauodon, 
from  its  affinity  to  the  iguana.  Prom  the  form  of  its  teeth  it  ap- 
pears to  have  been  heroivorous ;  and  a  comparison  of  its  bones 
with  those  of  the  recent  igruana,  led  to  the  conclusion,  that  it 
must  have  heen  fourteen  times  as  l^rge,  or  not  less  thi^n  70  feet  in 
length.  % 

68.  In  the  summer  of  1R32,  workmen  employed  in  quarrying 
the  Tilgrate  (jrit,  found  a  hard  block,  in  which  were  embedded  a 
nuMiber  of  fossil  bones.  These  being  examined  by  Mr.  Mantell, 
were  ascertained  to  have  belonged  to  a  new  saurian  animal, 
which  he  described  in  a  paper  read  before  the  Geological  Society* 
and  afterwards  published.  He  gave  to  this  creature  the  name  of 
Jltjlicosaurua^  or  wealden  lizard.  It  must  have  been  from  90  to  SO 
feet  in  length,  and  appears  to  have  resembled  the  recent  Iguana 
atmtUa^  in  being  armed  with  a  horo  on  the  forehead*  and  .a  tow 


In  what  locnlitief?  hnn  the  pterodactyle  hsen  found? 

What  was  the  size  of  this  animal  ? 

What  are  some  qf  the  vegetable  fossils  of  the  wealden  group  of  rocka  ? 
1*0  what  geologiit  do  we  owe  the  diiooreiy  of  animal  toili  in  that 

group  ? 

What  important  additions  have  been  made  to  the  Uit  of  gaurian  animaUi 
by  Mantell  ? 


•  V.  Cuvier  Recherche**  n.a. 

t  See  Mantcll'8  Geology  of  the  8o«Uhtet  Of  ^$hmAt  Ohapi  ^ 
^  Idesxi,  pp.  304—316* 
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of  spines  along  the  back  :  it  had  an  immensely  long  tail,  and  its 
body  was  corered  with  scales;  whence  it  has  been  proposed  to 
call  it  Hylsposaurus  armatus.* 

69.  In  the  formation  of  the  cretaceous  group  are  abundance  of 
organic  remains  of  vegetables  and  animals.  Besides  numerous 
shells,  and  relics  of  radiated  animals,  molluscs,  and  Crustacea, 
there  are  in  these  strata  some  curious  zoophytes.  Among  the  fos- 
sils that  may  be  regarded  as  characteristic  of  this  group,  may  be 
mentioned,  alcyonites,  echioites,  ammonites,  and  belemnites. 

70.  The  marginal  figure  repre- 
sents a  fig-formed  alcyonite,  of  a 
dark  red  colour,  where  the  surface 
is  not  concealed  by  its  cortical, 
coat,  which  is  gray,  pervaded  by 
a  slight  tinge,  of  red.  "The 
pedicle  and  the  opening  at  the 
superior  part  are  here  very  perfect. 
Slight  traces  of  lines,  passing  from 
the  pedicle  to  the  opening,  are 
discoverable  in  this  specimen,  and 
doubtless  point  out  the  arrange- 
ment of  fibres  by  which  the  animal  was  enabled  to  draw  in  and 
eject  the  water  which  supplied  it  with  food."f  "The  recent  ani- 
mal, according  to  Count  Marsigli, 
is  of  the  form  of  a  fig,  being  at- 
tached to  the  rocks  by  branches 
proceeding  from  its  smaller  end;  its 
upper  part  being  a  little  flattened, 
with  a  hole  in  the  centre.  Its 
colour  resembles  that  of  tobacco ; 
and  its  parenchymatous  substance^ 
he  thinks,  cannot  be  compared  to 
any  thing  better  than  to  nut-galls, 
when  well  dried." 

71.  An  echinite  from  the  Kent- 
ish chalk  pits,  with  one  of  its 
spines,  is  exhibited  in  the  annexed 

figrure.  Various  species  of  the  genera  echinus  and  cidaris  are 
found  fossilized  in  Wiltshire,  and  other  southern  counties  of  Eng- 
land, where  the  black  flint  most  abounds.  These  animals,  some- 
times called  sea-eggs,  are  common  in  a  recent  state. 

What  variety  of  organic  remains  has  been  discovered  in  the  cretaceous 
group? 

What  is  the  structure  of  the  fig  alcyoaite  ? 

What  is  the  appearance  of  the  recent  specimen  of  this  zoophyte? 


•  See  Geology  of  the  South-East  of  England,  pp.  316—328. 
*"  Parkinson's  Organic  Remains,  vol.  ii.  pp.  96,  97. 


If 
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The  accompanyincr  figure  is  a  representation  of  the  Plagiottoma 
iftffnamJii,  found  by  Air.  T.  A.  Conrad,  in  a  blnif  of  nnmrnnlite 
limestone,  at  St.  Stepliens,  on  the  Tombeckbe,  Alabama.  It  was 
taken  ftm  near  low  water  mark,  where  the  blulf  was  100  feet 
high,  composed  throughout  of  different  classes  of  shells,  connected 
together  by  the  lime."" 

The  Anlhophylliim  affanticum^  de- 
scribed hy  Dr.  Morton,  in  the  .lonriial 
of  the  Academy  of  Natural  Scicuces 
of  Pliffiidelphia,  is  represented  itt^s 
annexed  figure,  lt~lsa  speoiei-c^  fos- 
sil polypus,  found  abundantly  in  the 
limestone  ef  Gloucester  codnty^  New 

7*2.  Two  genora  of  saurian  reptiles 
in  the  fossil  state  ocnur  in  the  creta- 
ceous  rocks.     These  consist  of  a 
species  of  crocodile,  found  at  Meudon,  in  France ;  and  the  Moso- 
sanrus,  renaidns  of  which  wf  re  fiiMKM^yered  in  the  quarries  of  St. 

ir  Maestiiontpand  sm^, 


Peter*^  mountain,  near  MaestiibKt^and  sHSbe^near  I«e'ives^  {Sus- 
sex. This  creature  appears  to  have  been  nearly  34  feet  in  leii^*f 


Describe  the  fossil  polypus  found  in  the  American  cretaceous  group? 
Where  was  the  moiCMaurue  first  dtaoovered ! 


♦  See  Morton's  Organic  Remains,  p.  60. 

t  See  Manlell's  Geology  of  the  Soiuh*£ast  of  £nglAnd»  pp.  146— 162  i 
and  Cuvier  Recherches,  lura.  v.  pt.  4. 
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The  preceding  figure  exhibits  a  representation  of  a  fragment  ol 
the  lower  jaw  of  this  saurian  monster,  preserved  in  the  British 
Museum. 

73.  The  fossil  remains  of  the  unparalleled  saurian  animal, 
described  by  Dr.  Harlan,  under  the  name  of  basilusauru^^  ware 
first  made  known  by  Judge  Bree,  who  transmitted  to  Philadelphia 
a  vertebra,  found  in  the  marly  banks  of  the  Washita  river,  in 
Arkansas  territory,  taken  from  a  skeleton  said  to  be  150  feet  long. 
In  the  course  of  the  year  1835,  there  have  been  obtained  from  a  lime- 
stone rock,  30  miles  north-west  of  Claiborne,  Alabama,  several  bones 
of  the  same  extinct  race.*  The  skeleton  was,  at  the  early  settle- 
ment of  that  state,  exposed  to  view  on  the  suriface  of  the  rock,  for 
much  more  than  100  feet  in  length.  These  bones  have  been 
entirely  converted  into  limestone,  not  a  particle  of  animal  matter 
remaining ;  for  when  tested  with  muriatic  acid  the  whole  substance 
is  dissolved,  and  nothing  but  muriate  of  lime  is  obtained. 

Tertiary  Bocki, 

74.  In  the  formations  above  the  chalk,  the  organic  remains  in 
crease  in  number  and  variety ;  though  many  fossils  found  in  the 
lower  series  no  longer  occur.  Only  a  few  of  the  most  remarkable 
can  noticed  here.  Extensive  catalogues  of  shells,  distinguish- 
ing fbeir  localities,  their  living  analogues  where  they  are  known, 
and  the  relative  ages  of  the  deposits  in  which  they  are  found,  have 
been  published  bvM.  Deshayes  and  Mr.  Lyell.f  The  Ctrithium 
giganteum,  which  is  remarkable  for  its  size,  is  found  in  the  Lon- 
don and  Paris  basins. 

75.  The  most  extraordinary  shell  of  this  genus  (Cerithium)  is 
C.  giganteum.  It  is  turreted,  extremely  long,  and  transversely 
striated:  the  turns  in  their  upper  part  are  tubecular,  and  the 

Where  the  basilosaurus  f 

What  18  supposed  to  have  been  the  length  of  the  latter  animal  ? 
What  circumstances  distinguish  the  Cerithium  giganteum  ? 

*  For  a  full  account  of  these  ibmils  see  the  first  volume  of  the  Transac- 
tions of  the  Geological  Society  of  Pennsylvania,  p.  348.  For  the  accuracy 
of  the  description  and  of  the  drawing  of  Mr.  R.  C.  Taylor  accompanying 
them,  we  can  fully  avouch,  having  seen  the  bones  at  the  time  of  their  re- 
ception.— Ed. 

T  DeHhHvea  Description  des  Coquilles  caract^ristiques  des  Terrains 
Paris,  1831.    Lyell's  Principles  of  Geology,  voL  iii.  8vq.  1st  edit. 


FALJBOTHEftU. 


427 


columella  has  one  fold.  These  enormous  shells  are  generally  a 
foot  in  lenp^th.  One  of  the  specimens  which  I  possess,  and  which 
has  lost  at  least  an  inch  or  two  oi  its  length,  still  measures  14 
inches.  They  are  found  at  Grignon,  and  are  not  verv  rare :  they 
m«  however,  in  general,  very  mueh  iii^afed ;  Yery  eeidojn  indera 
having  the  lip  and  sides  open  and  perfect.  Their  form  is  that  of 
a  wfiMing  turricalaied  pyramid,  witht  in  genecal,  tweaty  tarns, 
heaet  on  their  upper  part  with  a  row  of  nodular  tubercles,  and 
having  the  general  surface  lightly  ^nd  transversely  striated.  The 
opening  is  oblong  and  oblique,  and  terminates  in  the  lower  part  in 
a  canal,  the  extremity  of  which  is  moderately  recurved;  and  the 
superior  part,  instead  of  foruiing  a  canal,  is  laterally  extended,  in 
the  manner  of  an  ear-like  process.  There  is  only  one  fold  on  the 
eolaraella.  This  is*  itndoahied]y«  the  laigesi  niuloeaiar  vMvalvtt 
•hdl  that  is  knowD**** 

76»  Dariaff  the  long  period  of  the  deposition  of  the  tertiary  foi^ 
mations,  quadrupeds  existed ;  several  of  which,  now  extinct,  dis- 
play peculiarities  of  form  and  stnietnre.  To  the  researches  of 
Ouvier  we  are  indebted  for  the  discovery  of  the  genera  of  the 
palmotJi^ria^  lo^niodanta^  mwphtheria^  (mtkraeotheria^  chseropotami^ 
nod  adappsm 

The  marginal  figure  represents  a 
lower  Jaw  of  the  FaittUMimm 
maseknum  of  CoTler. 

77.  ^The  palKotheria  mast 
have  resembled  the  tapirs,  antonff 
recent  animals,  in  their  genera! 
form,  and  in  that  of  the  head,  par- 
ticularly in  the  shortness  of  the  bones  of  the  nose,  which  announces 
that  they  must  have  had  a  small  proboscis  like  the  tapirs,  and 
lastly,  in  their  having  six  incisors  and  two  canine  teelh  in  each 
jaw;*  bat  they  resembled  the  rhinoceros  in  their  grinders,  (of 
whifih  those  of  the  upper  jaw  were  square,  with  promlaenl  ridgaa 
of  various  eonfigaration,  and  those  of  the  lower  jaw  in  the  fom  of 
double  crescents,)  as  well  as  in  their  feet ;  all  of  which  were 
divided  into  three  toes,  while  in  the  tapirs  the  fore  feet  have  four. 
It  is  one  of  the  most  extensively-diffused  genera,  and  most 
numerous  species  that  occur  in  the  deposits  of  this  period."!  The 
bones  of  these  extinct  quadrupeds  are  found  in  the  gypsum  quar- 
ries ul  Paris,  and  in  other  parts  of  France. 
78.  Among  tha  £Nsila  of  the  British  Masenm  aie  the  lower  jaws 

What  claases  of  qasdropidi  have  been  diaooveied  by  Cuvier  in  the  tM^ 

tiar^'  strata  ^ 

To  what  clauH  of  recent  animab  has  the  paltBOthermm  been  assimilated  ? 

In  what  respects  did  it  remable  the  tapirs! 

In  what  hMmtitiet  hsi  the  palnolfaeriam  been  obtained! 


*  Parkinson's  Orgnnin  Remains,  vol.  iii.  p.  71. 

t  Cuvier'fl  Theory  of  the  Earth*  p.  266.  See  also  K^cherches,  torn.  iii. 
and  torn.  v.     ii  " 
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of  different  species  of  (felnofheria,  part  of  an  upper  jaw,  and  de 
tached  teeth  ;  fronra  Eppelsheim,  in  Germany. 


The  above  figure  exhibits  a  lower  jaw  of  the  DeinotheriufK 
f^'ganfeum^  some  of  the  teeth  of  which  are  wanting  ;  but  in  which 
is  8een  one  of  the  very  sin^larly-formed  tusks,  or  weapons  with 
which  nature  had  armed  this  quadruped. 

Alluvial  Deposits  and  Bone  Caverns, 

70.  The  remains  of  several  animals  no  longer  in  existence, 
mingled  with  those  of  living  species,  occur  in  the  relatively  recent 
formations.  Among  these,  the  Mastodon  ohioticus  has  attracted 
particular  attention.  The  earliest  notice  that  occurs  of  this  animal 
IS  in  a  letter  from  Dr.  Mather,  of  Boston,  to  Dr.  Woodward  ;* 
and  in  1740,  relics  of  the  mastodon  were  found  in  Kentucky,  on 
the  banks  of  the  Ohio,  Immense  quantities  of  its  bones  have 
since  been  discovered  in  America.    The  marginal  figure  is  a 

representation  of  a  lower 
jaw  of  the  M,  ohioticus. 
It  measures  about  three 
feet  along  the  base. 

80.  Cuvier  says,  the 
great  mastodon  was  as 
high  in  proportion  as  the 
elephant,  with  equally 
longtusk8,and  had  grind- 
ers covered  with  bristling 

f»oint8,  which  made  them 
ong  be  considered  as 

Whot  constitutes  a  distinguishino^  peculiarity  of  the  deinotherium  ? 
To  wkat  class  of  quadrupeds  did  the  Mastodon  ohioticus,  belong? 


See  Philot.  Trans.,  abridged  by  Jones,  vol.  v.  pt^  ii.  p.  159. 
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ftnd  aolid.  Its  hoofo  snd  stomacb  an  Mid  to  have  been  found  m 
voch  a  state  of  preservation  as  to  be  reco^isable ;  and  it  is  as- 
serted, that  the  stomach  was  filled  with  bruised  branches  of  trees. 
The  Indians  imaprine  that  the  whole  race  was  destroyed  hy  the 
gods  to  prevent  them  from  destroyin|r  the  human  species.  This 
seems  to  be  a  proof  that  the  mastodon  was  extinct  before  America 
was  inhabited  by  man;  or  else  the  Indians  could  not  havu  mis-  * 
taken  this  phytovorous  quadruped  for  a  beast  of  prey.* 

81*  The  fossil  elepliant,  called  hj  the  RosMaas  the  mammollit 
was  another  of  the  ancient  pachyaennatat  thonsands  of  the  car- 
cases of  which  were  dispersed  over  the  surface  of  the  earth,  from 
Spain  to  the  shores  of  Siberia,  and  throucrhout  North  America.  It 
was  one  of  this  species  that  was  found  in  the  beginning  of  the  pre- 
sent century,  at  the  mouth  of  the  river  Lena,  preserved  in  ice, 
and  of  which  the  skeleton  was  removed  to  St.  Petersburg.  This 
animal  differed  from  the  modern  elephants,  in  having  a  thick  coat 
of  long  hair  on  its  bodf :  it  was  moie  than  9  leet  high,  and  16  ift 
leoffUut 

89.  To  this  period  has  been  assigned  the  Mtgahn^faej^ermmt^ 
a  quadruped  whose  bones  have  been  found  in  the  western  part  of 

Virginia,  in  a  cave  in  the  county  of  Green  Briar,  three  feet  be- 
neath the  surface  of  the  ground,  and  also  in  Big  Bone  cave  on  the 
line  dividing  White  and  Warren  counties,  Tennessee.:}:  This  crea- 
ture, from  Its  teeth  and  claws,  appears  to  have  resembled  the 
sloth  and  anteaters;  but  in  size  it  must  have  equalled  the  largest 
OKeiu 

83*  The  mef^atherimii,  the  relies  of  which  haye  been  discovsTsd 
in  SouUi  America,  exhibits  an  union  of  the  characteristics  of  the 
armadillos  and  the  sloths,  with  the  magoitade  of  the  rhinoceros. 

Its  claws  must  have  been  of  a  monstrous  length,  and  prodigiously 
strong;  and  its  whole  frame  displays  excessive  solidity.  A  ske- 
leton of  this  animal,  found  at  Beunos  Ay  res,  was  sent  to  Madrid 
in  1789  ;  and  one  more  recently  discovered  in  Paraguay,  was  con- 

What  suDentition  have  the  Indians  in  regard  to  Uie  mastodon  f 
What  lignt  does  their  belief  throw  upon  the  period  when  tibie  mammoth 
became  exiinotf 

What  pecohaiily  distinguithed  the  teil  elephant  fiem  the  eiistiag 
species  f 

Wheie  sue  tfie  iiHil  ipeeineBt  te  be  ftiind  ? 

In  what  localities  has  the  megalonyx  been  diseovsiedt 
Where  did  the  ■Mgelherittm  eiistf 


*  V.  R^herches  sur  les  Oss.  Foss.,  torn.  i.  and  torn.  iii. 

t  See  Mr.  Blende's  Jmaaui  of  Science,  vol.  ^ii.  p.  96 ;  and  Cuvier  B4> 
cherches,  tom.  i.,  ilL  The  soft  parts  of  this  enimal  had  bean  so  compIete]|r 
protected  from  decomposition,  during  a  long  series  of  ages,  by  the  frozen 
matter  in  which  it  was  enveloped,  that  the  flesh  was  devoured  bjr  bears 
end  other  beasts  of  prey,  after  ils  release  fitna  its  icy  sepulehie. 

t  See  Dr.  Trooet'R  Paper  in  the  TnuHactions  of  the  GeoL  Soc.  of  Pha* 
sylvania,  voL  i  p.  236.— En. 
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vey^a  to  England  by  Mr.  Woodbine  PariBhf  and  praBtentod  to  the 
Rcpl  College  of  Surgeons,  in  London."* 

94.  Contemporary  with  these  end  other  animals,  the  genera  of 
.which  are  beoome  extinct,  were  hyenas,  hears,  tigers,  wolTee«* 
and  other  beasts  of  prey,  difTering  only  in  species  from  those  now 
existinfr.  At  this  ppoch,  remarks  Cuvier,  "the  class  of  carnivora 
was  Dumerous  and  powerful."  The  palaeotberia,  and  other  mam- 
malia and  reptiles  of  the  tertiary  period,  having  been  destroyed  by 
some  convulsions  of  nature,  were  replaced  by  a  brute  population 
of  a  different  character,  and  these  in  their  turn  were  extirpated  by^ 
an  overwhelming  catastrophe,  which  must  hxve  preceded  ihe  on« 
gin  of  the  human  race. 

86.  The  bone  caverns,  with  their  contents,  and  the  osseens 
breccia  found  in  other  situations,  present  phenomena  connected 
chiefly  with  the  geolog^ical  formations  posterior  to  those  of  the 
tertiary  period.  Caves  containinof  the  bones  of  bears  and  other  ani-  . 
mals  have  been  long  since  noticed  in  Germany.  The  most  anciently 
celebrated  is  liaumanshole,  in  the  county  of  Blanken berg, described 
by  many  authors,  especially  by  Leibnitz,  in  his"**  Protogaea."  It 
li  formed  of  several  caverns,  containing  abnndsBOe  of  sfalaetttes 
and  the  bones  of  animals,  principally  bears.  The  eaves  of  Gaylen- 
renth,*in  Pranoonia,  and  Aoeisberg,  in  Csmiola,  have  also  attracted 
much  atlention  ;  and  there  are  many  others;  but  it  does  not  app(%ir 
that  among  the  bones  found  in  them  there  were  any  of  BDimals  be* 
longing  to  the  lost  genera.  + 

86.  In  Enorland  several  none  caverns  have  been  observed;  as 
that  of  Kirkdiile,  in  Yorkshire,  discovered  in  1821,  and  examined 
a  few  mouths  afterwards  by  Professor  Buckland.  The  floor  of 
this  cave  was  formed  of  argillaceous  and  slight!  v  micaceoas  loam, 
nixed  with  much  calcareous  matter,  and  coated  with  stalagmite ; 
beneath  which  were  buried  bones  and  teeth  of  the  hyena,  tiger* 
bear,  wolf,  fox,  weasel,  elephant,  rhinoeeros,  hippopotamus, 
horse,  hare,  rabbit,  water-rat,  and  mouse;  raven,  pigeon,  lark,  a 
small  kind  of  duck,  and  a  bird  about  the  size  of  a  thrush.  From 
the  manner  in  which  these  relics  were  dispersed  over  the  bottom 
of  the  cavern  under  the  mud  deposit,  and  the  p^reat  preponderance 
of  hyenas'  teeth  among  the  bony  fragments,  Dr.  JUickland  con- 
eluded  that  this  place  had  been  a  den  of  hyenas,  at  a  remote  period. 

What  genera  of  eiistin^  quadrapede  were  fiwnd  at  the  petiod  when  the 

tertiary  rocks  were  deposiieH  ? 

How  near  is  man  placed,  m  the  succession  of  races,  to  those  of  the  ter- 
tiarv  period  t 

.  To  what  geological  period  do  the  bone  caveme  belong  t 
In  what  country  were  they  first  observed? 
What  particular  animal  is  found  in  the  German  bone  caves ) 
What  wiely  ef  bones  were  Ibond  in  the  Kirfcdale  cavern  T 


*  For  an  account  of  the  megaknqrz  and  megaiherium,  tee  Cuvier  R6» 
cherrhes.  torn.  v.  pt  i. 

t  See  Prof.  JantAKNi'a  Geologies]  Il||pstntrons  of  Cavier's  Theoiy  of  t||S 
Mrm-  Note  on  Oivee  eontaining  Boflei  of  Gamivorons  AninuUs.       ^ . , 
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"when  tigers,  elephants,  and  hippopotami,  were  amon^  the  brute 
population  of  that  part  of  the  surface  of  the  globe ;  that  the 
,  tyenas  had  brought  in  the  bones  of  other  animals  which  they 
made  their  prey  ;  and  that  this  state  of  things  was  suddenly  ter- 
minated by  an  irruption  of  a  diluvial  torrent,  Which  buried  the 
dfowned  and  piBTioosIy  destroyed  animalB  in  an  envelqM  of 
mud.* 

87.  There  are  also  oasiferoaa  caTorns  in  F^ranee,  which  haTO  * 
exeiled  particalar  attention  -on  account  of  the  occurrence  of  haman 

bones  in  them,  together  with  those  of  other  animals.  In  the  ca- 
vern of  Bize,  in  the  department  of  Aude,  M.  Marcel  de  Serres  met 
with  a  small  number  of  human  bones,  mixed  with  those  of  extinct 
animals  and  with  land-shells,  in  a  calcareous,  stony  mass,  ce- 
mented by  stalagmite.  M.  Tourual  also  fouiid  in  this  mass  and 
the  black  nuid  above  it,  human  teeth,  and  the  fiagmeota  of  rude 
pottery,  f 

88.  In  caTems  in  teitiaiy  limeotone^  at  Pondiea  and  Soavenargues, 
in  the  department  of  Hecanlly  and  in  a  caTem  near  Miallet,  in  the 

department  of  Gard,  human  bones  and  coarse  pottery  have  been 
discovered,  mingled  with  the  relics  of  lost  animals.:}:  These  phe- 
nomena gave  rise  to  a  controversy  as  to  the  probability  of  man 
having  been  contemporary  with  the  brutes  with  whose  remains 
*  his  own  are  now  intermixed.  After  noticing  the  arguments  on 
both  sides,  Mr.  Lyell  observes,  that  *^  as  many  of  these  caverns 
may- have  aerred  in  anocesaion  aa  templea  and  liabitationst  as 
placeaofflepnltuief  concealment,  or  defence,  it  is  easy  to  conceive 
that  human  bonea,  and  those  of  other  animals  in  osseous  brecciaa 
of  much  older  date,  may  have  been  swept  away  together  by  iuun* 
dations,  and  then  buried  in  one  promiscuous  heap.  It  is  not  on 
the  evidence  of  such  intermixtures  that  we  ought  readily  to  admit 
either  the  high  antiquity  of  the  human  race,  or  the  recent  date  of 
certain  lost  species  of  quadrupeds.'^$ 

89.  Osseous  breccias  are  not  confined  to  caTema*  They  occur 
freqaeatly  in  places  on  the  northern  shores  of  the  Mediterranean 
and  its  IslaBds.  At  Cagiiarlf  Sardinia,  snch  breccia  is  fonnd  in  the 
clefts  and  small  caverns  of  a  tertiary  rock,  about  150  feet  above 
the  level  of  the  sea.  Dr.  Christie  describes  such  a  deposit  at  San 
Giro,  near  Palermo,  as  not  being  confined  to  the  cave  itself,  but  as 
forming  part  of  the  external  talus,  resting  upon  the  upper  tertiajry 

What  circumstance  fiives  particular  interest  to  the  bone  caves  of  France  I 
What  question  has  Men  raised  respecting  the  relative  times  at  wiiich 

the  several  kinds  of  bones  were  deposiied  ? 

What  inference  has  Lyell  formed  respecting  this  subject  ? 
In  what  tituations  are  bone  breccias  found  1 


*  See  Buckland  Reliquife  Diluvianee. 

t  M.  de  Serres  Geognosie  des  Terrains  Tertiaires ;  ou  Tableau  des 
Principaux  Animnux  invertitirda  des  Terrains  marins  teitiaiias  dtt  Midi 

de  la  France.  1829. 

t  Bulletin  de  la  Society  Geolo^iqnc  de  France,  tom*  ii* 
(  principles  of  Geology,  vol.  iii.  p.  1G5. 
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beds,  with  a  thickness  of  about  20  feet.  The  bones  were  those 
of  the  elephant,  hippopotamus,  deer,  and  of  the  dog.  At  Gibraltar 
have  been  observea  breccias,  formed  by  the  bones  of  small  animals, 
which  seem  to  have  been  thrown  down  from  the  nests  of  hawks, 
which  build  in  fissaiet  of  die  foek.  Thej  m  cemented  togediAr 
with  fragmenle  of  deeompoaing  limeetone  br  lemginoiit  matter. 
In  New  South  Wales,  oeseoas  breccias  have  been  founds  inelndiilf 
the  boneR  of  animals  now  known  to  exist  in  that  eountrjr. 

90.  When  the  bones  of  elephants  and  other  lar^  quadrupeds  were 
found  imbedded  in  the  earth  in  the  middle  ages,  it  was  conceived  by 
the  credulous  naturalists  of  that  time  that  these  were  human  relics. 
In  1577,  Felix  Plater,  professor  of  anatomy  at  Basle,  described  seve- 
ral fossil  bones  of  the  elephant,  found  at  Lucerne,  as  those  of  a 
ffieet  at  least  19  feet  high.  Some  immeose  bones  having  been 
ileooTered  in  1613,  nesf  tfie  castle  of  ChMmont,  in  Fjnn€e» «  eoi^ 
geon  of  Beanrepaiie,  named  Maznrier,  |>Tocored  them,  and  made 
n  pviblic  and  no  donbt  a  profitable  exhibition  of  tiiem,  as  the  re- 
mains of  a  gi^tic  king  of  the  ancient  Gauls,  pretending  that 
Ihey  had  been  inclosed  in  a  sepulchre  30  feet  in  length,  bearing 
the  inscription,  "Teutobocaus  RfiX."  The  boneSy  howeTer^ 
were  those  of  an  elephant. 

91.  At  a  subsequent  period,  Scheuchzer,  a  Swiss  philosopher, 
brought  forward  an  example  of  a  skeleton  of  more  moderate  dimeu- 
ilone,  imbedded  in  liard  stone,  which  he  represented  as  the 
wdonbted  lelicB  0f  a  human  antedilnrian.  He  miblished  aa 
abridged  acooant  of  tfab  wonderful  fossil,  in  the  Fhilosophioal 
Tnunactions,  1726  ;  and  he  made  it  the  subject  of  a  distinct  trea- 
tise, entitled  Homo  testis  DiluviiJ*^  Cuvier,  at  length,  ascer- 
tained that  this  alleged  anthropolite  (the  nature  of  which  had  been 
questioned  by  Camper  and  others)  was  a  petnfied  Uzardy  a  laige 
extinct  species  of  salamander.* 

92.  There  is,  however,  at  the  British  Museum,  in  London,  a 
geonine  anthropolite,  from  Guadeloupe,  in  the  West  Indies.  It 
eonelela  of  a  coiisiderable  portion  ^  the  dkdeton  of  a  woman  (tlie 
spine,  pelris,  several  ribs,  one  ann,  the  leg  and  thigh  bones)  im- 
bedded in  a  block  of  calcareous  stone.  The  atone  is  a  kind  of 
travertin,  formed  of  land-shells,  slate,  and  fragments  of  shells  and 
corals  from  the  sea ;  which,  like  rocks  of  a  similar  composition 
found  elsewhere,  has  acquired  a  great  degree  of  hardness.  It  is 
consequently  a  recent  petrifaction  in  an  alluvial  formation. f 
Other  skeletons,  probably  those  of  Caraibs,  are  contained  in  the 
same  calcareous  rock ;  and  one,  with  a  portion  of  the  head  ie» 
maining,  is  pioseifed  in  the  Mnsenm  of  Natoral  tlislory  at  Parie* 

What  was  formerly  thought  of  the  bones  found  m  caverns  by  the  early 
naturalists? 

What  impositions  were  practised  upon  the  credulity  of  that  age? 
What  dia  Cuvier  find  to  be  the  true  character  of  Scheuchzer 's  supposed 
illduopolite  t  In  what  formation  have  true  human  skeletons  been  ibund  I 

*  Bertraod  Lett  sur  les  Rev.  du  Globe,  lett  ix.  xvi. 
t  Jwisioo'a  Ittustr.  of  Cuvier,  pp.  406—410. 


93.  In  the  course  of  geological  inquiries  in  the  United  States, 
abundant  evidence  has  already  been  furnished  that  the  organic 
remains  imbedded  in  the  rocky  strata  of  America,  are  on  a  scale, 
both  in  point  of  abundanoa  and  maffnitude,  oorraspoiiding  with 

grandeur  of  her  natiiral  eceneffy— her  mottiitaiiiey  lake«i  rlTm, 
foiests,  and  prairies.  We  need  not  mentioii  more  than  the  Megq^ 
hnyx  jejftrsonii^  the  gigantic  mastodon^  the  nujgoiftmum  of  Cuvier^ 
and  the  banloaqfsrus  of  Dr.  HarlaOy  to  make  appoent  the  justoew 
of  the  preceding  remark. 

94.  The  eastern  part  of  the  United  States  being  a  prhnordiai 
region,  affords  comparatively  few  organic  remains ;  but  the  mid- 
dle, southern,  and  western  states,  both  east  and  west  of  the  Mis- 
sissippi, are  characterized  by  vast  numbers  of  shells,  bones,  casts 
of  moiliieei,  trees,  and  pUuitOy  ineloding  roaltitiidoB  not  koown  to  , 
ejoot  al  praaeot  in  any  part  of  the  oontiooni.  The  cietaeeoaa 

Soupt  ia  partioakuTy  has  afforded  already  a  rich  harvest  to  the 
bours  of  Amoffioan  oryctologists,  and  as  other  parts  of  the  geolo- 
gical series  become  better  known,  there  cannot  be  a  doubt  that  the 
more  ancient  inhabitants  of  the  planet  will  be  found  in  America, 
in  as  great  abondance  aa  in  any  other  region  of  the  earth  hitherto 
explored. 

95.  The  group  just  mentioned  has  been  traced  through  New 
Jersey,  Delaware,  Maryland,  Vir^nia,  North  Carolina,  South 
Carolina,  Georgia,  Alalmiat  Mississippi,  Tennessee,  Loatsiana, 
Arkansas,  and  Missouri.*  *'In  fact,'^  says  Dr.  Morton,  **a  ffraat 
part  of  the  level  country  between  the  Rocky  mountaina  and  ^ 
Mississippi,  is" occupied  by  this  formation;  and  I  have  also  seen 
some  fossils  from  thence  which  bear  a  strong  affini^  to  those  of  the 
lias  of  Europe." 

96.  The  evidence  of  identity  in  the  strata  thus  observed,  at  points 
scattered  over  a  space  more  than  three  thousand  miles  in  extent, 
rests  not  only  on  the  general  resemblance  of  the  mineral  sub- 
atances  composing  the  strata,  but  more  especially  on  tiie  generic 
and  apecific  accordances  ia  the  fossil  ahelia,  which  are  Ibnnd  in 
every  part  of  this  vast  extent  of  country.  **Thu8,"  saya  the 
author  just  cited,  "  the  Ammonites  placenta^  Bacculitea  ovatut^ 
Gryphaea  vomer,  Gryphxa  mutabilia^  Ostraea  falcata,  &c.,  are  found, 
without  a  shadow  of  ditference,  from  New  Jersey  to  Louisiana.** 

97.  To  the  study  of  this  and  various  other  strata  containing  organic 
remains,  the  geologists  of  America  are  now  applying  themselves 
with  an  ardour  which^has  deriyed  fresh  impulses  from  every  new 
reward  of  their  laboura.  The  hope  of  heing  able  to  decide,  by  thia 
kind  of  ohaervation  and  comparison  of  animal  remains,  the  great 

'  qnestlon  in  regard  to  the  relative  tfane  of  deposition  of  the  several 

What  is  tho  relative  importance  of  American  fiMMils  when  compared 
with  those  of  ulhcr  countries  ? 
In  what  part  of  the  United  States  do  flie  primordial  strata  ptevaitf 
What  LB  the  extent  of  the  cretaceoui  group  of  North  America  f 


See  Morton's  Organic  Hemaius,  pp.  14 — 25. 
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rocky  strata^  is  with  them  much  enhanced  by  a  circumstance  early 
aflriMd  bj  William  Maelm*  Esq.,*  who  has,  widi Jit8tioe»  beea 
dmMNDliiated  the  father  of  Ameriean  geology.  His  ^xtenalve 
travels,  on  both  the  Boropean  and  the  Amenoaii  sides  of  the  Au 
laiitiG,  had  enabled  him  to  compare  the  vast  confusion  and  intri« 
cacy  of  the  stratification  of  the  old  continent,  by  which  diflerent 
clasps  of  rocks  are  mixed  and  thrown  out  of  their  natural  posi- 
tions, with  the  fortunate  regularity  of  the  geology  of  our  continent, 
and  the  ease  with  which  the  science  may  be  studied,  from  the  well 
dbliued  boundaries  which  nature  has  given  to  the  different  classes 
of  rocks  running  in  the  aame  direction  firom  one  end  of  the  continent 
to  tho  othor ;  baYiog  the  line  of  aaoaration  sodistiool  batmao  the 
different  roeka  in  tbalimita  of  each  oaas,  aa  to  ledooa  to  a  caitaialj 
the  plane  that  each  occupies  in  thO  aatural  order." 

98.  This  results  from  the  fine  opportunities  afforded  of  examin- 
ing the  line  of  separation  at  every  junction,  through  a  distance  of 
twelve  or  fifteen  hundred  miles,  by  which  means  any  observer  can 
obtain  a  more  accurate  knowledge  of  geology  in  one  year,  in  the 
United  Stdtes,  than  he  could  in  a  long  life  spent  in  travelling  in 
any  other  pari  of  the  globe  hitherto  examined  aad  described. f"  . 

What  eharactcr  in  the  Amencan  ttntarattdesithastiiilyof  ^hairoigsiito 
remains  easier  than  thai  of  the  Eiirope;in  ' 
By  whom  was  this  advantage  first  pointed  out  ? 


•  President  of  the  American  Geological  Society,  and  of  the  Academy  of 
Natural  Sciences  of  Philadelphia, 
t  See  SUIiman't  Amerioan  JoHmal  of  Boiaaoe,  vol.  ^  p»  ttff. 
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The  iateiMtof  the  su^Msttand  the  importance  of  posseising 
fasoiireMlbreomparison  between  the  fossiUferous  beda  of  Eorop» 

and  those  of  America,  induce  us  to  add  here  a  rjither  greater  num- 
ber than  usual  of  works  of  reference,  some  of  which  it  may  not 
be  easy  to  obtain  without  importing  them  expressly  from  Europe. 
We  have  ourselves  encountered  this  difficulty,  in  endeavouring  to 
procure  several  of  the  works  named  in  the  following  list : 

Morton's  Synopsis  of  Organic  BeaiaiDS. 

SUliman's  American  Jonionl  of  Scienoe^  Tol.  zzix.,  and  many: 

parts  of  the  pieoeding  volumes  of  the  same  work. 

Transactionf)  nf  the  Geological  Socis^of  PennsylTania* 

Lea's  Contributions  to  Geology. 
-  Harlan^s  Medical  and  Physi^  Uesearcbes*  1  vol.  8yo.  PbiUik 
delphia.  1835. 

Journal  of  the  Academy  of  Natural  Sciences  of  Philadelphia.  7 
Tols.,  hitherto  published. 

Dn  Jacob  Chreen's  Monograph  of  North  American  Trilobitea» 
wHh  aocompsDyingr  caste. 

Parkinson's  Outlines  of  Oryctology.  1  vol.  8vo.  London.  1839. 

Sowerby's  Mineral  Conchology.  d  Tols.  8to^  1813* 

Alex.  mog;niart's  Tableau  des  Terrains  qui  compose  l*ecoice  da 
Globe. 

Transactions  of  the  Geological  Society  of  London.  5  vols.  4to. 

Deshayes,  G.  F.  Description  des  Coquilles  Fossiles  des  Envi- 
rons de  Paris. 

Cttnev,  6.  Rdoheiehes  inrles  Ossemens  Fossiles. 

Essei  d*Qne  Expose  de  la  Flors  dn  Monde  Primitive,  par  Gas* 
pard  Comte  de  Sternberg.  1  voL  fol.  Leipsic  and  Prague.  1890* 

J.  S.  Miller's  Natural  History,  of  the  Crinoidea.  i  vol.  4tOii 
Bristol,  England.  1821. 

Vegeteaux  Fossiles,  par  M.  Adolphe  Brogniart,  Paris.  1823. 

Townsend  on  Fossils.  1  vol.  4to.  Bath,  England.  1813. 

Mantell's  Geology  of  the  South  Eastern  parts  of  Euglaod.  \ 
vol.  4to. 

Witham's  Internal  Structure  of  Fossil  Vegetables.  1833. 
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!•  Fjbw  tobJeM  eooneeted  with  mtwral  tihildMphj  m  mow 
fpsnemllt^  intmaiAmg  than  that  whieh  is  about  to  engage  our  affeiH 

tion.   MeteoroloffjT  may  be  considered  as  a  science  supplementairjr 

to  g^eology  ;  andas  the  latter  relates  to  the  state  and  constitution 
of  the  terrestrial  globe,  so  the  former  renfards  the  composition  of 


are  taking"  place  in  it.  "  The  quality  of  the  nir,  as  affected  by  cold  or 
heat,  moisture  or  dryness,  and  other  circumstances,  is  distinguished 
by  the  term  weatlier.  Tho  knowledge  of  the  aitrntiemrof  the 
weathetf  and  of  the  laws  by  which  m&j  are  gorarned}-  styled 
weather-wisdom,  {die  udttmsngtkkre^)  or  meteorology. 

9.  ^Thla  adenoe  is  yet  very  imperfeet,  and  requires  for  its 
improyement  numerous  and  extensive  obserrations."*  Notwith- 
standing-, however,  the  confessedly  defective  state  of  this  branch  of 
physical  science,  it  is  certainly  one  which  has  occupied  the  atten- 
tion of  mankind  in  various  ages,  and  in  several  different  parts  of 
the  world  ;  but  it  is  only  in  our  own  times  that  it  has  been  studied 
with  the  attention  due  to  it,  both  in  an  economical  and  in  a  philo- 
nophleal  point  of  view.  To  the  naTigaton  tlie  trareller,  the  hfee*' 
hmdnan,  and  nnmerous  other  classes  of  persons,  the  stats  of  the 
weather,  and  the  anticipation  of  the  probable  changes  that  maj 
osenr  in  it,  must  ever  be  topics  of  considerable  inteiesl  and  Ia*' 
portance ;  while  the  scientific  inquirer  will  feel  no  less  anxious  to 
trace  the  laws  b^  which  meteorological  phenomena  are  regulated, 
and  to  study  their  connexion  with  those  of  astronomy  and  geology, 
3.  One  of  the  latest  and  most  distinguished  meteorological 
writers  remarks,  that  **  man  may  almost  with  propriety  be  said  to 
be  a  meteorologist  by  natare :  he  is  naturally  placed  in  such  a 
■tate  of  denendance  on  the  elements,  that  to  waleh  their  Tide- 
aitiidee  ana  anticipate  their  distarlwiioes  beeomee  a  neceaserjr 
portion  of  the  labour  to  which  he  is  bom.  Tlie  Asilj  taslcs  of  tiier 
maiiiier,  the  shepherd,  and  the  husbandman,  are  regulated  by 
meteorological  observations;  and  the  oblio^tion  of  constant  atten- 
tion to  the  changes  of  the  weather,  has  endued  the  most  illiterate 
•  of  the  species  with  a  certain  degree  of  prescience  of  some  of  ita 
most  capricious  alterations.  Nor  in  the  more  artificial  forms  of 
aociety  does  the  subject  lose  an^  of  its  universality  of  interest: 
much  of  the  tact  of  experience  is  blunted  and  lost;  but  artificial 
meana,*deriTed  from  setenee,  supply,  perhaps  inadequately,  the 
defideney ;  and  the  general  inflaenee  is  still  felt  and  aeknowledgedy 

What  is  meant  by  the  term  meteorology  ? 

What  is  the  actual  state  of  meteorology,  compared  with  other  branches 
of  physical  tcience  ? 
Wbat  it  .the  value  of  ftm  icieaee  hi  a  iwaelieal  point  of  view  f 


*  £UmmiiIi  of  JVatiual  FliiliMophy  by  PfoliiMor  Vieth,  (Gem  ,)  p.  406. 
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of  the  constant  changes  that 
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ikoagh  Ml  to  aoenittely  appreokted«  Tlie  gmmdktf  of  4ils  iiH 
terasi  is,  indeedt  >o  absoliitei  that  the  eommoa  fom  of  mhitolim 
among  many  aatioiis  ia  a  meteorological  wish,  aad  the  first  intuH 
dlaction  between  atiaii|[en  a  meteoroioi^ical  observation.'** 

4.  Meieorolopr^'-,  in  its  most  extensive  acceptation,  has  for  its 
object  not  merely  the  observation  of  atmospherical  phenomena,  or 
of  those  occasional  appearances  styled  meteors,  to  which  the  atten- 
tion of  common  observers  has  been  generally  limited,  bnt  it  like- 
wise includes  the  rationale  of  terrestrial  as  well  as  atmospherical 
phenomenay  whether  aoeidenlal  or  peimanenti  which  depend  oa 
the  acUoB  of  heat,  electridty,  inupietiaiii,  or  light.  Considered  in 
fhia  point  of  view,  the  aabject  wiliappear  tobe  of  immense  extent ; 
and  It  iiii|.y  henee  bediaracterized  aa  the  application  of  the  laws  of 
pyronomics,  optics,  and  electro-magnetism,  to  the  study  of  nature. 

6.  To  take  any  thing  like  a  complete  survey  of  the  science  in 
all  its  bearings,  would  not  only  require  a  much  greater  space  than 
the  plan  of  this  work  will  allow,  but  would  also  render  it  necessary 
to  repeat  much  that  has  been  introduced  elsewhere,  in  illustration 
of  topiea  diacnsaed  in  some  of  the  preceding  treatises,  both  io  the- 
former  and  in  the  present  volnmei  xhis  essay  on  meteorology  will, 
theveibre,  be  confined  to  the  inrestigation  of  the  influence  of 
moisture  and  temperature  on  the  state  of  the  atmosphere,  and  tha 
explanation  of  the  nature  and  causes  of  the  most  important  meteoro- 
logical phenomena,  with  references  to  such  subjects  as  have  under- 
gone  previous  discussion. 

6.  The  general  properties  of  the  atmosphere,  as  a  permanently 
elastic  fluid  encompassing  on  all  sides  the  solid  globe  of  the 
earthy  and  indefinitely  extended  from  ito  sor&ce,  have  been  pointed 
•ttt  nod  illustrated  in  the  treatise  on  Pneumatics.  It  has  been  stated, 
that  at  the  height  of  fifty  miles  the  air  does  not  possess  sufficient 
density  to  reflect  the  rays  of  light ;  and  though  it  is  not  improbable 
that  the  atmosphere  may  exist  at  a  still  greater  elevation,  yet  the 
speculations  of  Dr.  Wollaston  go  far  to  prove  that  it  must  have 
certain  limits,  beyond  which  the  ethereal  medium  must  be  of  such 
extreme  tenuity  as  to  occasion  no  appreciable  resistance  to  there- 
volutions  of  the  planets  round  the  sun  :  for  if  they  revolved  in  a. 
leaisting  medium  like  the  air,  the  regularity  and  uniform  extent 
of  their  orbite  would  be  disturbed,  contrary  to  what  may  be  con- 
cluded from  a  comparison  of  astronomical  observations  made  at 
different  and  remote  periods«t 

What  evidence  does  the  intercourse  of  common  life  present  of  tha 
fsneral  interest  taken  in  the  subject  of  meteorology? 

What  range  of  inquiries  is  eraoraced  by  the  science  of  meteorology  ?  ^ 

In  what  relation  does  it  stand  to  the  impondeieble  agents  exj^ained  in 
other  departments  of  science  ? 

What  evidence  m  derived  Ifom  astiquoniy  in  &vonr  of  the  finite  extent 
of  the  etmoaiihefe  f 

*  Daniell's  Meteorological  Essays  and  Observations,  8d  edit, 
t  It  should,  however,  be  remarked,  that  d&e  observations  of  astmnoroers 
during  a  period  of  even  two  thousand  years*  can  afibrd  no  conclusive  evi- 
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7.  The  peculiar  temperaments  of  rarious  organized  bein^ 
Analify  them  respectively  for  the  several  situations  they  inhabit. 
The  deepest  abysses  of  the  iea  are  probably  destitnte  of  animated 
Wings,  but  llie  gigantic  whale  ean  deaeead  lo  aTasH  depth  heBesA 

eoihoe  of  the  eeean,  thonsh  breathing  the  air  like  man,  and 
oonsequently  anable  to  remam  deprived  of  it  but  for  a  com^ 
^aratively  snort  period  ;  and  the  polype  lays  the  foundation  of  his 
coral  cells  on  rocks  often  apparently  far  beneath  the  usual  abodes 
of  the  finny  tribes.  On  the  other  hand,  the  condor  dwells  in  the 
upper  reffjons  of  the  air,  and  wings  his  steady  flight  over  the  sum- 
mits of  Finchincha  or  Chimborazo,  which  are  amon?  the  loftiest 
peaks  of  the  mighty  Andes.*  Inflamed  bodies  would  become  ex-^ 
tinguiahcd  for  want  of  air  at  the  height  of  abotit  S0,60e  jv6m 
fliMm  the  aea;  hydrogen  gaa  wonld  no  longer  deserve  the  name 
of  inflammable  air  at  S5,000  yaida ;  and  sulphur  would  be  ineom* 
bustible  at  30,000  yaide,  if  it  waa  posaible  for  it  to  be  tnnapiirted 
to  such  an  elevation. 

8.  The  temperature  of  the  atmosphere  diminishes  in  proportion 
to  the  elevation  above  the  level  of  the  sea.  The  degree  of  tem- 
perature, however,  is  further  influenced  by  other  causes,  and  should 
be  estimated  with  reference  to  the  normal  heat  of  plains,  whence 
nay  be  deduced  the dheellon  of  isothermal  Knea  mmmUBammui 
Winter  ;t  depending  more  or  less  on  tiie  mass  and  eonfiguration  bf 
Aonatains ;  the  strata  of  clouds  or  yapoura  which  may  intercept 
the  radiation  of  heat  from  plains  below ;  and  likewise  on  th# 
winds  or  currents  of  air  passing  hoitsontally  from  one  none  Is 
another  of  a  different  lsmpemtore.:|: 

What  examples  of  self-adaptation  ia  exhibited  by  fish,  animals,  and  men  f 
How  does  the  tsflipamtBie  of  the  atmcnphnfe  vary  ? 


dence  of  the  non-existence  of  a  highly  attenuated  but  resisting  medium, 
beyond  the  atmospherpa  of  the  cartli  and  other  planets.  For  though  it 
may  require  a  lapse  of  millions  of  ages  before  the  orbits  of  these  dense 
bodiea  can  be  sensibly  aflected  by  the  medium  they  traverse,  yet  lighter 
bodies,  such  as  comets  are  supposed  to  be,  may  afford  indications  that  the 
celestial  apace  is  not  an  absolute  vacuum.  See  Treatise  on  Geology,  p.  316. 

•  We  have  been  informed  by  a  gentleman  who  has  spent  several  years 
fal  Ae  Peruvian  mining  district,  about  IS^a^yi  latitode,  and  at  Ml  eleva- 
tion of  16,000  feet  above  the  level  of  the  ocean,  that  he  has  rep>catedly 
•een  the  condor  sailing  high  above  the  loAiest  of  the  snowy  Cordilleras 
with  no  apparent  moUon  of  the  wings,  and  yet  in  an  air  so  attenuated 
that,  where  Diniielf  was  stationed,  at  thousands  of  feet  below,  the  rarity  of 
the  atmosphere  rendered  all  effort  painful  to  those  not  long  accustomed  to 
the  light  medium  there  prevalent.  But  Uie  native  Indian  miners  exhibit 
nothing  of  the  same  inconvenience. — Eo. 

t  These  have  been  also  denomintftad  isotheral  and  iiOolieiBial  lince;  fte 
former  signifying  lines  of  equal  temperature  for  the  summer  season,  artd 
the  latter  lines  oS  equal  winter  temperature*  See  Report  of  the  Britith 
AMoeiation,  1898,  pp.  217,  S1& 

X  For  observations  on  Uie  extremes  of  heat  and  OOld  Whieh  have  oc- 
curred in  different  regions,  and  relative  to  the  mean  temperature  of  the 
Ijgjf  «|Pd  the  equator,  see  Scientific  Class  Book,  pt  i.,  Fyronofnicst  pp. 

And  Sir  an  acoount  of  ihe  dlrectiim  um  eiteot  of  iaothsnasi 


9.  The  prarity  of  the  air,  and  the  continual  variations  takingr 
place  in  it,  are  among  the  most  important  causes  of  several 
atmospheric  phenomena.  Abundance  of  facts  demonstrate  that 
Ike  weight  ot  a  column  of  air,  of  any  glTen  diameter,  is  equal  te 
Ihat  of  a  similar  eohttnn  of  water  sa  fiaet  la  height,  or  of  a  colttoui 
of  aercQrv  SOiaehes  high.  Soch  is  nearly  the  amount  of  the  merift 
gimvity  of  the  atmoapmie  at  the  level  dc  the  sea.*  lis  lelaUre 
gravitating  force  or  pressure  must  of  course  decrease  in  ascendiB|f 
above  the  surface  of  the  earth  :  but  augmentations  and  diminutions 
of  that  force  are  observable  at  the  same  place,  which  must  there- 
fore  arise  from  circumstances  independent  of  local  elevation. 

10.  These  alterations  of  atmospheric  pressure  may  probably 
have  a  considerable  effect  on  the  animal  creation.  They  are  indi- 

'  eatsd  by  the  risinsr  or  depression  of  a  eolumii  of  mercury,  in* 
^oaed  ia  a  glass  tame,  ftrming  the  weli-koown  Instrament  called 
a  baiometer*  It  has  been  computed,  that  the  weight  of  air  com- 
monly pressing  on  the  surface  of  the  body  of  a  man  of  middle 
size,  is  about 30,0001 bs.,  hence  a  variation  of  height  in  the  mercu- 
rial column  of  only  a  single  line  must  indicate  an  alteration  of 
atmospheric  pressure  to  the  extent  of  about  84lbs. 

11.  The  variations  of  pressure  that  have  been  observed  are  either 
periodical  or  occasional.  The  horary  variations  are  the  most  import- 
ant. From  the  ohsemHaons  of  M.  Rassoiid,  it  appemd  that  the 
baiemeter  attained  its  maxioMun  height  at  9  a.  u,  and  at  11  p.  m.  { 
and  its  mimmnss  at  4  a.  m.  and  4  p.  m.  These  variations  take  place 
with  greater  regularity  between  the  tropics  than  in  the  temperate 
lones  ;  and  we  learn  from  the  investigations  of  Humboldt,  that 
near  the  equator  the  barometer  attains  a  maximum  at  9  a.  m.  and 
p.  M.,  and  a  minimum  at  3  or  4  a.  m.  and  p.  m.  so  constantly, 
that,  in  almost  all  states  of  the  air,  the  height  of  the  barometer  will 
indicate  the  time  of  day.  The  causes  of  these  horary  oscillations 
ire  somewhat  obseare;  though  it  appears  probable  that  they 
ckietj  depend  on  temperature. 

13.  The  occasional  variations  of  atmospherio  pressure  seem  to 
be  iatimatdy  oonnected  with  the  direction  of  ^e  wind*  ThePm 
gieady  inflneneed  by  latitnde.    At  the  eqoator  thsy  may  be  said 

How  is  the  pressure  of  the  air  atfected  by  the  height  to  which  we  a«c«|dt 
How  are  variations  of  pressure  in  the  air  commonly  ascertained  t 
To  how  many  sorts  of  varistion  is  the  premfo  of  the  air  mibjostf 

.  Which  of  these  deserve  most  attention  ? 
At  what  hours  of  the  day  do  the  maxima  and  minima  of  prauurs  occur 

in  the  tropical  regions  ? 
To  what  purpose  might  the  hotaiy  TStfisHon  bs  tfisie  applied  f 


zones,  the  mean  temperaturcg  of  clays,  months,  nnd  seasons,  and  the  extreme 
temperatures  of  climates,  see  Pouillet  Klera.  de  Physique  et  de  Met(^oro- 
logie,  torn.  ii.  pp.  628 — 638  ;  and  Encyclop.  Metrop.,  vol.  iv..  Meteorology. 

*  The  mean  height  of  the  barometer  at  London,  for  the  year  178H3,  wm 
«9.96  inches ;  for  1789,  29.79  in. ;  and  for  1790,  29.98  inches.  Dr.  Dalton's 
Meteorological  Observations  and  Essays.  %d  ediU»  1834 ;  (rom  f  hilosophi- 
•al  Transactions. 
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to  be  almost  reduced  to  nothingr;  for  it  rarely  happens  that  anjr 
change  takes  place  to  interfere  with  the  regular  course  of  the  di- 
urnal tides.  A  hurricane  creates  almost  the  only  exception.  The 
•mount  of  variability  increases  towards  the  poles,  in  a  gpreat  niea- 
•ore  owing,  probably,  to  llie  irregularity  of  Um  wisds  beyond  the 
liopiet.  The  mean  amomit  of  variatMm  maj  be  elaled  at  Hie 
w|aator  at  two  lines,  in  France  at  ten  lines,  in  Scotland  at  fi^Mm 
lines,  throii^oiit  the  year;  bat  this  qoanti^  iiaa  ita  moatUy  ea- 
eillationa."* 


13.  The  atmosphere  may  be  considered  as  consisting-  of  a  mul- 
titude of  concentric  strata,  the  density  of  which  decreases  in  pro- 
portion to  their  height  above  the  anrfbee  of  the  aea.  Wiiiie  an 
eqnilibrinm  eziata  between  the  different  parte  of  ilie  aerial  maen; 
it  remains  calm  and  tranqnil ;  but  if  the  equilibriam  be  broken  by 
an  J  eause  whaterer,  the  mass  becomes  agitated,  and  that  lund  at 
motion  in  the  air  takes  place  which  is  termed  wind.  Among  the 
general  causes  that  destroy  the  equilibrium  of  the  atmospheric 
strata,  the  most  common  are  change  of  temperature  or  pressure, 
tides,  and  great  currents  of  water,  the  rotatory  motion  of  the  earth, 
the  hygrometric  or  the  electric  state  of  the  air,  and  the  action  of 
tlie  son  and  the  moon.  There  are  others,  the  influence  of  which  is 
less  extensiye,  as  earthquakes  and  the  eruptions  of  Toleanoa.  . 

14.  Alteration  of  temperature  ia,  perhaps,  therooet  usaal  as  well 
as  the  most  important  cause  of  atrial  enrrents  or  winds.  When  ona 
portion  of  a  mass  of  air  becomes  more  heated  than  those  parts  by 
which  it  is  surrounded,  it  is  rarefi^  and  rendered  lig^hter  than  be- 
fore; 80  that  it  ascends  to  a  higher  level,  while  the  adjacent  colder 
and  denser  air  rushing  in  to  supply  its  place,  streams  of  air  tend 
from  all  points  towards  that  where  the  partial  vacuum  has  thus  been 
formed.  Professor  Pouillet  remarks,  that  winds  may  be  propa- 
ga^  by  impukim  atod  by  aspitaHaii*  We  designate  than  the  two 
opphite  modes  whieh  ought  to  Im  eatefully  distinguished.  WM 
ia  propagated  by  impulsion,  when  it  blows  towards  a  place  in  one 
dinection,  and  its  progressive  march  is  in  the  same  direction:  thus 
it  Is  with  the  wind  that  issues  from  a  pair  of  ImUowSy  when  ^e 
included  air  is  compressed. 

15.  Wind  is  propagated  by  aspiration,  when  the  blast  takes 
place  in  oue  direction,  and  the  progressive  march  of  the  wind  is 

What  is  the  mean  amount  of  iranatkm  in  prewore  in  high  and  in  low 

latitudes,  respectively  ? 

What  are  the  chief  causes  which  destroy  the  equilibrium  of  pressure 
intheairt 

In  what  manner  nay  we  conoeive  nianes  of  air  to  be  set  in  s»Immi  by 

heat  ? 

What  distinction  has  been  made  by  Pouillet  in  regard  to  the  direotiinis 
m  which  wind  it  propairated  f 

•  Forbes  on  Meteorology— Report  of  Brit.  Assoc.  Jbr  1832.  p.  S9ft> 
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iim  tuutmj  diitellctt  t  lliia  is  what  happens  wbim  the  wind  en- 
IM  a  pair  of  bellows  ia  whieh  the  air  ts  laiefied ;  for  Ae  blast 
lashes  towaids  the  noaale,  bat  the  progressive  march  of  the  cur-, 
BMilis  in  an  opposite  direction  ;  for  the  most  distant  points  wheoco'*^:^ 
the  air  is  drawn  last  receive  the  impression.  This  latter  mode  is 
not  so  unusual  as  might  be  imagined,  as  will  appear  from  the 
phenomena  of  hurricanes.  Warfrentine  has  also  made  similar  re- 
marks on  the  winds  in  thu  north  of  Kurope.  He  says  :  "  When  the 
wind  proceeds  from  the  west  it  is  felt  at  Moscow  earlier  than  at 
Abo,  though  the  latter  city  is  about  400  leagues  farther  westward" 
thaa  Moeoow  $  and  this  wind  does  not  rsach  Sweden  till  after  it 
has  blowa  over  Finland."* 

16.  The  manner  in  which  winds  are  produced  by  change  of 
temperature  may  be  illustrated  by  some  simple  experiments.  The 
prodnction  of  a  current  by  lowering  the  temperature  of  a  portion  of 

air  may  be  exhibited  by  means  of  the  ap- 
paratus  represented  in  the  margin.  Tie  a  piece 
of  wet  bladder  over  the  mouth,  C  D,  of  the 
bottle,  F  G  C  D,  after  having  poured  into  it  as 
OMioh  water  as  will  balf-fiU  the  neck  when  the  ^ 
.botUe  is  inverted.  Then  take  a  large  bladder, 
H  K  L  I,  and  cut  off  the  ./leck  of  it  in  such  a 
manner  as  to  leave  a  considerable  opening,  I 
H  ;  and  having  made  a  hole  in  it  at  iC  L,  the 
neck  of  the  bottle  is  to  be  put  through  it,  and 
the  edges  of  the  bladder  must  be  tied  fast  round  the  bottle,  so  that 
no  liquid  may  pass  between  the  bladder  aiul  the  bottle.  Next 
throw  a  table-spoonful  or  two  of  common  salt,  and  as  much  again 
ef  iaeiw  talo  the  bladder,  and  upon  the  globular  part  of  the  bottle, 
and  stir  timi  together  with  a  stick  or  wooden  spoon.  The  snow 
and  salt  will  then  begin  to  melt,  absorbing  the  neat  from  the  bo^ 
tie  with  which  they  are  in  contact,  and  from  the  air  within  it, 
which  will  thus  become  cooled  down  to  such  a  degree  that  it 
would  freeze  the  water  in  the  i||ck  of  the  bottle  if  it  reached  above 
the  part  at  which  the  bladder  is  tied;  and  as  this  mighUem- 
barrass  the  experiment,  but  a  small  quantity  of  water  should  be 


What  evidenoe  of  Ae  eibct  of  aspiiatkm  Is  exhibitod  in  the  north  of 

Europe? — What  in  America? 
Illustrate  this  efiect  by  experiment?  -  ; 

—   -  ■•Til  i_ 

*  Pouillet  EleoL  de  Phys.  £xp^r.  etde  M^t^orol.  Snde  edit  1838.  toin* 

iL  pp.  715,  716. 

The  credit  of  havhig  established  the  fact  that  whids  blow  eerijer  to» 
wards  the  spot  at  which  the  greatest  disturbance  of  equililnrHim  takes 
j^ce,  at  points  near,  than  at  others  more  remote  from  that  spot,  is  dno  to 
Dr.  Franklin — who  remarked  that,  along  the  Atlantic  coast  of  America, 
north-east  sioniM  btgin  in  the  south-west,  and  ptoceed  to  windward  some- 
times at  the  rate  of  more  than  100  miles  per  hour.  The  observation  was 
strikingly  illustrated  in  the  case  of  a  solar  eclip^^e  being  visible  at  Boston, 
wiule  at  Charleston,  S  C,  the  prevalence  of  a  north-east  storm  prevented 
its  being  ssenv— En. 
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introduced.  Now  the  air  within  the  bottle  being  condensed,  and 
lUTing  its  elasticity  weakened  by  the  deprivation  of  heat,  while  the 
externa]  air,  whieh  is  not  so  ool4«  retains  more  tscpmamf  pimexy 
it  will  force  its  way  into  tlie  bottle,  and  prodnoe  a  current,  on 

bladder,  O  Df  being  poootored  with  a  large  pin  at  £.    The  air 

wiJl  then  be  seen  rising  up  in  bubbles,  with  considerable  yeloctt|^y 
through  the  water  in  the  neck  of  the  bottle,  till  the  fiqnilibfinm  M 
restored  betwepn  the  external  and  the  inclosed  air. 

17.  The  converse  of  ihe  preceding  experiment  may  be  performed 
by  slightly  varyinfj  the  apparatus  already  described.  Take  a  bottle 
encompassed  with  a  bladder,  as  before,  and  leaving  it  open,  turn  it 
npeide  dovn,  with  the  mouth  njfoa  a  plate  or  ebnllow  diatif  in  whidi 
Iwa  Men  nnt  a  eafficient  quantity  of  water  to  out  off  tiie  eoaneiiog 
between  tbe  air  in  tbe  bottle  and  the  external  air.  Then  peer  bet 
water  upon  the  bottom  of  the  bottle,  and  into  the  bladder  surround- 
ing it.  The  heat  thus  applied  will  expand  the  air  in  the  bottle, 
which  will  issue  out  in  a  current,  through  the  water  in  the  plate, 
producing  a  mimic  wind,  that  may  be  ielt  on  holding  the  liand 
near  the  place  where  the  air  escapes.  ^ 

18.  These  experiments  show  the  difi'erent  modes  of  propagation 
of  aerial  currents  which  Pouillet  has  indicated.  The  stream  of  air 
lining  thronflb  tbe  jreter  into  the  fiiet  bottle,  (in  wbieb  n  Mrtial 
fnonnm  ban  Men  formed  by  redoetion  of  temperature,)  is  obiioaelj 
a  eunrent  of  aspiration ;  and  that  issuing  from  the  seeoad  bettis^ 
tbrough  the  expansion  of  the  included  air  by  beat,  is  a  current  of 
impulsion.  Each  of  these  methods  of  propagation  of  blasts  of  wind 
may  doubtless  be  sometimes  distinguished  ;  but  it  seems  probable 
that  winds  in  general  should  be  regarded  as  the  joint  effect  of  ex- 
pansion and  pressure  in  one  part  of  the  atmosphere,  and  condensa- 
tion in  another.  Tiiis  must  obviously  be  the  case,  since  but  for 
the  exterior  pressure,  air  would  have  no  tendency  to  rush  into  tbe 
Toid  created  by  condensation.' 

19L  Some  interesting  Facts  and  Observations  leiating  to  the 
Winds,  Waves,  and  otber  PhenojiBna,  by  which  the  Surface  of 
the  %ea  is  affected,^'  were  publiined  by  Captain  Horsburgh,  ia 
Nichnlson^s  "Journal  of  Natural  Philosophy,*'  which  serve  to 
show  that  a  descendirinr  current  of  air  may  be  propagated  in 
various  directions.  He  says:  '*!  have  several  times,  in  calm 
weather,  seen  a  cloud  generate  and  diffuse  a  breeze  on  the  surface 
of  the  sea,  which  spread  in  different  directions  from  the  nlace  of 
descent  A  remarkable  instance  of  this  occurred  in  Mriacea 
strait,  during  a  calm  day,  when  a  fleet  was  in  company :  a  breeie 
commenced  suddenly  from  a  dense  cloud ;  its  centre  of  aetiofi 
seemed  to  be  in  the  middle  of  the  fleet,  wbicli  was  much  scattered. 
The  breeze  spread  in  eveiy  direction  from  a  centre,  and  prodnoed. 

'  How  may  the  produclion  of  wind  by  increase  of  temperature  be  illua- 
trated  ? 

What  concurrrnro  of  causes  is  found  wherever  wind  is  produced  ? 
What  evidence  has  been  adduced  to  prove  that  the  descent  of  mawne 
of  air  may  produce  nuiiating  curreuts  of  wmd  ? 
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a  singular  appearance  in  the  fleet,  for  every  ship  hauled  close  to 
the  wind  as  the  breeze  reached  her,  and,  when  it  became  general, 
exhibited  to  view  the  different  ships  sailing  completely  round  a 
circle,  although  all  hauled  close  to  the  wind."* 

20.  Captain  Horeburgh  ailervwdsnja :  "ItfreqiiieDtly  hapims 
iMmg  a  ty-fung  in  the  China  sea,  that  the  waves  run  in  erery  di* 
leetion  ;  having  the  appearance  of  elevated  mounts  or  pyramidsy 
which  infringe  on  each  other  with  great  violence.  Ships  are  very 
Itabie  to  lose  their  rudders,  when  these  pyramids  strike  a^inst 
Ihem ;  and  the  masts  are  endanjrrered  by  the  quick,  turbulent  mo- 
tion proceeding  from  such  heterogeneous  impulse."!  He  also 
states,  that  the  swell  of  the  sea  caused  by  a  storm  may  be  pro- 
pagated with  a  greater  mean  velocity  than  the  storm  that  causes 
It,  and  may  therefore  arrive  on  a  coast  hefore  it,  or  come  ailer  the 
stotoi  has  ceased.  Ttiese  phenomena  he  attrihutes  to  the  inter* 
lerence  of  contrary  winds. 

.  21.  Winds  nay  be  distinguished  as  being  either  regular  or 
vs^able.  Among  the  former  are  the  trade  winds,  between  the 
tropics ;  the  monsoons,  in  the  Arabian,  Indian,  and  Chinese  sens : 

and  the  sea  and  land  breezes. 

22.  Over  the  Atlantic  and  Pacific  oceans,  the  trade  winds  blow- 
ing permanently  westward,  extend  from  30°  N.  to  30°  S.  latitude. 
When  the  sun  is  on  the  equator,  the  trade  winds,  in  sailing  north* 
wwd,  veer  move  and  mors  ftom  the  esst  towaifds  the  north ;  so 
that  at  their  limit  they  become  nearly  NE. ;  and  on  the  eontrary, 
in  sailing  southward,  they  become  at  last  almost  SE.  When  the 
•an  is  near  the  Tfopieof  Cancer,  the  trade  winds  north  of  the 
equator  become  more  nearly  east  than  at  other  times,  and  those 
south  of  the  equator  more  nearly  south ;  the  contrary  phenomena 
are  observed  when  the  sun  is  near  the  Tropic  of  Capricorn.  The 
trade  wind  becomes  due  east,  not  exactly  upon  the  equator,  bat 
about  4°  N.  of  it. 

23.  These  intertropicid  winds  are  the  effects  of  the  diurnal  ac- 
tion of  the  sun  in  raising  the  temperature,  of  the  atmosphere  over 
those  points  of  the  earth^s  suHaee  where  its  beams  are  vertiealytom- 
biosd  with  those  arising  from  the  earth^s  motion  on  its  axis.  The 
lower  strata  of  the  atmosphere,  near  the  equator,  becoming  heated 
and  rarefied  by  the  sun,  form  ascending  currents,  spreading  towards 
the  poles ;  while  under  currents,  from  the  north  and  south  pole 
respectively,  flow  in  to  supply  the  partial  vacuum  caused  by  the 
condensation  of  the  air  over  the  equatorial  space.  The  polar  cur- 
rents, which  would  otherwise  meet  and  destroy  each  other  at  the 
equator  or  near  it,  are  modified  by  the  motion  of  the  earth ;  f«r  the 

What  peculiar  appearance  accompanies  the  ty-fong  of  the  China  sea  ? 
What  great  diviBion  of  winds  is  founded  on  the  periods  of  their  pre« 

valence  ? 

What  is  the  nature  and  what  are  the  directions  of  the  trade  winds  I 

To  what  variationii  arc  they  liable  ? 

In  what  manner  have  the  tmde  winds  been  expbined  f 

^icholsoa  8  Journal.  6vo.  vol.  xvi    11.  t  Idem,  12. 
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air  which  is  constantly  passing  from  points  where  the  surface  of 
the  earth  moves  most  slowly,  towards  those  where  its  velocity  is 
greatest,  cannot  have  exactly  the  same  motion  eastward  with  the 
ptit  over  which  it  ie  pw8ing«  and  tlMiefore  isatl  relative^  to  tki 
Mfftoe  benmth  it  form  a  cnrreot  In  an  opposite  ^leotioa. 

24.  Thue,  the  two  seneial  masses  of  air  aroeeeding  from  both 
bemispherea  towaids  tie  eqaator,  as  they  adrance  are  constantly 
deflected  more  and  more  towards  the  east,  on  account  of  the 
earth's  rotation ;  that  from  the  northern  hemisphere,  orginally 
a  north  wind,  is  made  to  veer  more  and  more  towards  the  east,  and 
that  from  the  southern  hemisphere  in  like  manner  is  made  to  veer 
from  the  south  towards  the  east :  these  two  masses  meeting  about 
the  equator,  or  in  the  torrid  zone,  their  Teloeitiea  north  and  south 
imtnj  each  other,  and  they  prooeed  afterwards  with  tiieir  eSMn* 
mon  velocity  from  east  to  westi  voond  the  torrid  aone,  excepting 
Ike  irrej^ularities  prodaoed  by  the  continents."* 

25.  oejond  the  range  of  tlie  trade  winds,  variable  winds  in 
general  prevail  ;  though  between  the  two  there  is  a  Tione  frnm  2 
to  6  degrees  in  breadth,  Bubject  to  the  occurrence  of  dead  calms, 
or  sudden  and  violent  tempests,  caused  apparently  by  the  con- 
fluence of  ascending  and  descending  currents,  between  which  there 
may  sometimes  be  an  equipoise,  and  at  others  rapid  alternations 
afuflaance. 

S6«.The  monsoons  are  petiodiea!  winds,  blowing  about  six 
moBths  in  one*  direetton,  and  six  months  in  a  contrary  direction. 
From  10°  to  23°  S.  latitude,  in  the  Indisn  ocean,  the  sonthem 
trade  wind  continues  regularly  from  the  east  and  south-east ;  but 
between  10°  S.  and  the  equator,  north-west  winds  prevail  from 
October  to  April,  and  south-west  the  rest  of  the  year ;  while  north 
of  the  equator,  the  wind  is  south-west  in  summer,  and  north-east 
in  winter.  These  variations  appear  to  be  partly  owing  to  the 
position  of  the  sun,  and  partly  to  the  directions  of  the  great  chaina 
of  monntdns  in  the  countries  bordering  on  the  Mis  over  widch 
the  monsoons  inmrail. 

SS7«  Sea  ana  land  bfeezes  are  owing  to  the  same  grand  cause 
timt  produces  the  trade  winds.  In  the  daytime,  when  the  reflect 
tion  of  the  sun's  rays  from  the  surface  of  the  earth  has  heated  the 
superincumbent  air,  it  rises ;  and  on  the  sea-coast,  currents  of 
cooler  and  denser  air  flow  in  from  above  the  sea,  to  replace  the  . 
ascending  mass.   At  night  the  oon verse  process  takes  place :  tlie 

How  do  the  north-easterly  and  the  south-easterly  trade  winds  aifect  each 
ethevpt  the  equator  t 
What  states  of  the  atmosphere  pveveil  immediately  north  and  wlheC 

the  trade  winds  ? 

In  what  parts  of  the  earth  are  these  winds  liable  to  semi-annual  changes  I 
To  what  are  Ifae  hkhibooiis  attributed  f 

How  aro  land  and  sea  breezes  explained  ? 

What  is  the  £te8iaa  wind  and  where  does  it  prevail? 


*  Dd.  .Dalton's  Metereolpgi^al  OiE^gervations  and  Essays,  es|aj  ii. .  . 
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air  over  the  land  being  then  the  coolest,  the  night  breeze  sets  sea- 
vardy  }n  general  extending  two  or  thiee  leagues  from  the  8hoie« 

d8.  X  aiTerrily  of  locu  winds  has  been  observed  in  different 
parte  of  the  worldy  flonie  of  whieh  have  their  peculiar  designationa. 

The  etesian  is  a  northernly  or  north-easterly  ^ind,  which  prevails 
very  much  in  summer  all  over  Europe.  Pliny  the  elder  describes 
it  as  occurring  regularly  in  Italy  for  forty  days  after  the  summer 
solstice.  It  is  probably  a  part  of  the  great  under  current  moving 
from  the  north  pole  to  the  equator.  The  sirocco,  felt  on  the  shores 
of  the  Mediterranean,  is  a  hot  blast  from  the  south,  prejudicial  to 
^e  health  of  aaimala.  Such  also  ia  the  hannattan,  a  warm,  dry, 
east  wind,  which  oa  perceived  on  the  Guinea  coast.  The  more 
deadly  kamsin,  which  occurs  in  Egypt,  and  the  simoom,  or  aamyel 
of  the  Arabs,  a  destroying  wind,  which  is  said  to  have  proved 
fatal  to  whole  caravans  in  crossing  the  deserts,  are  supposed  to 
owe  their  propertied  to  some  peatueatal  vapours  mixed  with  the 
air. 

29.  Tempests,  hurricanes,  and  tornados,  are  atmospheric  com- 
motions of  the  more  violent  kind,  chiefly  takingplace  in  intertropical 
latitadet.  The  destructiye  effects  and  extranrainaiy  force  of  these 
eoncusaions  of  the  air,  may  be  oonceiv:ed  from  the  statement  which 
has  been  previously  given  of  some  of  the  phenomena  of  a  hnni* 
cane  in  Guadeloupe.* 

30.  Whirlwinds,  trombes,  or  syphons,  are  gfyratory  or  vortical 
movements  of  the  air,  which  are  confined  to  no  country  or  climate  ; 
and  occur  at  sea  as  well  as  on  land.  In  fertile  regions  strong  trees 
and  buildings  are  sometimes  torn  up  by  the  impetuous  force  of 
whirlwinds ;  in  the  deserts  of  Africa  they  produce  moving  pillars 
of  sand,  such  as  are  pietaresonely  desenhed  by  the  celeoiated 
traveller  Brace;  and  at  sea  they  appear  in  the  form  of  water- 
spouts* 

31.  "The  relative  velocity  of  winda,"  says  Dr.  Dalton,  "  may 
be  best  ascertained  by  finding  the  relative  velocity  of  the  clouds, 
which  in  all  probability  is  nearly  the  same  as  that  of  the  winds. 
The  velocity  of  a  cloud  is  equal  to  that  of  its  sliadow  upon  the 
ground,  which  in  high  winds  is  sometimes  a  mile  in  a  minute,  or 
sixty  miles  an  hour ;  and  a  brisk  gale  will  travel  at  tlie  rate  of 
twenty  or  thirty  miles  an  honr.^'j  The  Telocity^of  hurricanes  has 
been  Tariously  estimated  at  from  100  to  300  feet  in  a  second.^ 

To  what  cause  is  the  poisonous  quality  of  certain  winds  supposed  to  be 
duet 

To  what  are  the  terms  tempat,  hurricane,  and  tornado  applied! 
In  what  diflferent  characters  do  whirlwinds  pre^ont  theniMlvest 
How  may  the  relative  velocity  of  wind  be  ascertamed  ? 


♦  See  Treatise  on  Oeology,  p.  334. 
t  Meteorological  Observations  and  Essays,  p.  90. 
t  See  LsuKNueax  G^graphie  Physique,  p.  103,  for  a  table  of  the  rela* 
five  velocitiM  of  whids. 
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99.  MtAynMotologieil  phenoaieiis  depend  on  llie  msenoa 
wmter  ee  a  eonttUoent  part  of  the  atmosphere.  The  ▼olatillsatioft 
and  aacent  of  the  aqueoaa  flaldi  ooatbaallj  taking  place  from  th^ 
fttirfhee  of  the  eartbf  produces  fogs,  mists,  and  clouds ;  anil  the 
corresponding  processes  of  condensation  and  piseipttatioD  eaoss 
the  formation  of  ravn,  snow,  dew,  and  hoar-frost. 
'  33.  Moisture  is  found  in  the  atmosphere,  either  in  the  state  of 
invisible  vapour,  or  in  the  form  of  minute  globules,  collected  in 
masses  of  varvine^  dimensions,  from  the  miniature  clouds  that 
aseead  from  a  basin  of  hot  water,  or  liom  above  the  saiflMie  of  a 
small  pond  in  an  aatnmnal  morning,  to  those  Test  Mds  of  mist  or 
base  that  sometimes  cover  a  wide  tract  of  country.  These  collec- 
tions of  aqueous  spherules,  when  they  ascend  to  a  certain  height^ 
constitute  the  different  config^u  rations  of  clouds;  but  the  transition 
of  aerial  vapour  from  the  visible  to  the  invisible  state,  is  perpetually 
taking  place;  as  also  is  the  conyerse  change^ of  invisible  Tapoor 
into  dood. 

34.  The  quantity  of  moisture  in  the  atmosphere  is  thns  coa- 
finnally  varying,*  its  increase  or  deerease  depending  on  altera- 
tiooa  of  beat  and  eold.  Tlie  air,  however,  is  never  perfectly 
dry,  fX  quite  deprived  of  water,  even  at  the  lowest  possiMe 
temperature,  f'^'^^'^^'^fr  ^  experiments  of  Dalton,  Uxe,  and 
Gay  Lussac,  as  well  as  the  calculations  of  Biot,  the  moisture  of 
the  air,  when  the  latter  is  perfectly  saturated,  has,  at  every  tem- 
perature, the  same  elastic  force  as  it  would  have  when  produced 
at  the  same  temperature  in  a  space  where  no  other  substance  was 
present.  Again  it  appears,  that  the  raie  of  expansion  of  vapour 
by  the  stmple  applleation  of  heat  witbmit  an  increase  of  water,  is 
the  same  both  when  alone  and  when  mixed  with  atmeepherie  air. 
as  that  of  the  air  itself;  that  is,  taking  either  vaponr  or  air  at 
89^  Fnh.,  it  will  be  expanded  l<480th  of  its  bolk  for  every  degree 
of  increase  in  temperature.  ' 

35.  The  weight  in  grains  of  water  in  a  cubic  inch  or  any  other 
given  bulk  of  air,  may  therefore  be  found,  when  we  know  to 
what  temperature  the  air  and  moisture  must  be  brought  in  order 
that  perfect  saturation  should  exist.  Ti^e  followiog  short  table 
will  uinstrate  the  case  just  stated. 

To  what  nwlaoiiilogical  pheaomena  does  evaporation  give  liMf 

^*The  atmosphere  is  not  of  uniform  composition;  the  quamity  of.*, 
•i|ii«oas  vapour,  one  of  its  oomponent  parts,  varies  ahnost  every  hour  of 
the  day.  It  is  subject  to  midden  increaM»aiid  as  sudden  diminution ;  and, 

in  its  ascent  to  higher  regions,  follows  a  very  different  law  from  that  of 
the  permanent  elastic  fluids. "---PanieU,  in  Brando's  Journal  of  Science. 
vpl.  viii.  p.  324.  ,  ^ 

t  See  JSdiahuig  Em^opedia,  article  Hygionetiy. 
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an  inch  of  mercury. 
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90 
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From  the  fourth  and  fifth  columns  of  the  table,  it  appears,  that" 
while  the  temperature  advances  in  arithmetical  progression,  the 
quantity  of  moisture  in  a  given  bulk  of  air  increases  with  the  ac- 
celerating rapidity  of  a  geometrical  series.  Hence  it  follows,  that 
if  two  portions  of  air  of  equal  bulks,  and  both  saturated  with 
moisture  at  different  temperatures,  be  mixed  together,  they  will 
inevitably  deposit  some  part  of  their  moisture. 

36.  [n  tracing  the  causes  of  meteorological  phenomena,  it  mudt 
obviously  be  a  point  of  importance  to  ascertain  the  hygrometrio 
state  of  the  atmosphere  within  a  given  space,  or  the  qnantity  of 
insensible  moisture  which  a  portion  of  air  contains.  The  barometer 
indicates  the  total  weight  of  an  aerial  column,  depending  partly  on 
the  invisible  vapour  which  enters  into  the  composition  of  the  lower 
strata ;  but  in  order  to  discover  the  relative  amount  of  that  vapour, 
various  circumstances  must  be  taken  into  consideration,  especially 
temperature  and  topical  elevation.  Hence  more  direct  means  are 
requisite  to  determine  the  proportion  of  moisture  in  the  atmosphere ; 
ftnd  for  that  purpose  a  great  number  of  instruments  have  been  ia« 
▼ented,  styled  hygroscopes  or  hygrometers. 

37.  A  very  simple  apparatus  may  suflice  to  show  the  existence 
of  water  in  the  atmosphere.  Many  substances  are  naturally  so  far 
hygroscopic  that  their  weight  is  sensibly  influenced  by  the  state 
of  the  air.  Tobacco,  sponge,  salt,  sugar,  and  other  porous  sub- 
stances, imbibe  moisture  from  a  damp  atmosphere,  and  con- 
sequently become  relatively  heavier  than  when  the  air  is  in  a  dry 
state.  Sulphuric  acid,  potash,  and  muriate  of  lime,  each  powerfully 
attract  water  from  the  air  when  exposed  to  it,  in  almost  any  situa- 
tion. Fibrous  bodies,  as  hair  and  thread,  become  contorted  and 
shortened  longitudinally  through  their  disposition  to  absorb  atmo- 
spheric moisture.  As  the  degrees  of  contraction  which  these 
bodies  undergo  admit  of  measurement,  they  have  been  very  gene- 
rally employed  in  the  construction  of  hygrometers. 

At  what  rate  has  the  vapour  in  the  air  been  found  to  increase,  compared 
with  the  temperature  ?  What  is  the  kind  of  indication  aflbrded  by  a  ba- 
n)meter?  What  property  of  fibrous  bodies  renders  them  fit  to  indicate 
changes  of  the  atmosphere  in  regard  to  moisture  X 
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38.  M.  de  SausBore  invented  an  inBtrument  of  this  kind,  Which 
has  been  most  extensively  used  iu  meteorological  researches.  It 
consists  of  a  hair,  (rsndawl  more  taeeeptiUe  of  Ike  intoeiiee  ef- 
nbietoie  byeteepiDgr  it  to  a  weak  solotioa  of  potaeh,)  fixed  at  onef 
extiemitjt  and  aher  being  passed  loond  a  palley,  kepi  extended 
by  a  small  weight  at  the  other  extremity.  On  the  axis  of  the 
pulley  am  index,  movin^r  over  a  jrraduated  aro  of  a  circle,  indicates 
the  alternate  contraction  of  length  from  absorption  of  moisture,  and 
elongation  from  its  evaporation;  and  thus  affords,  to  a  certain  ex- 
tent, a  measure  of  the  relative  quantity  of  aerial  vapour  at  different 
periods.  De  Saussure  adopted  some  ingenious  methods  to  deter- 
fldne  the  of  eztienie  moietoia  aiid  eztmme  diyaeee  fx  the 
oeale  of  hia  hygrome'ler.  obtained  iStm  latler  point  by  exposing 
the  iaatroment  under  a  hell-glass,  within  whieh  the  air  hiad  beea  aa 
far  aa  jpoaeible  deprived  of  hamiditf,  by  means  of  concentrated 
sulphuric  acid,  or  calcined  muriate  of'^lime,  (chloride  of  calcium  |) 
and  the  former,  by  placing  it  under  a  glass,  the  sides  of  which  wem 
wetted  with  distilled  water,  and  standing  over  water. 

39.  In  spite,  however,  of  the  utmost  precaution  in  the  construc- 
tion of  these  hygrometers,  it  has  been  found  impossible  to  obiaia 
two  instramenta  that  exactly  correspond  in  their  indications;  nor 
wiH  tli#  hygroscopic  power  of  an  tndividnal  iastmnieiit  lenaia 
long  aoaltered.  If  these  defects  could  he  avoided^  Pe  Saussuie'e 
hygxeneter  would  only  afford  the  means  of  comparing  different 
degrees  of  humidity.  **  We  might  ascertain  from  it  that  the 
humidity  of  the  air  was  at  60,  80,  or  100  decrees ;  but  we  should 
learn  nothing  concerning  the  elastic  force  oi  the  vapour  contained 
in  that  air,  and  consequently  should  be  unable  to  resolve  the 
fundamental  (question  which  involves  the  grand  object  of  hygro- 
netry.   For  that  purpose,  it  is  necessary  to  determine  what  is  the 


degrees  of  the  hair  hygroaieter,  and  thia  deteimination  is  TOfy  dif- 
ficult; because,  for  example,  if  the  hygrometer  marks  80°  of 
humidity  when  the  temperature  is  at  zero,  and  80°  of  humidity 
also  when  the  temperature  is  at  30°,  the  corresponding  elastic 
forces  of  this  identical  indication  of  the  instrument  cannot  be 
equal.  Hence  further  researches  become  requisite;  and  M.  Gay 
Lussac  calculated  what  were  the  elastic  forces  of  the  vapour  cor- 
responding to  different  degrees  of  the  hair  Ijygrometer  for  a  given 
iemperatare,  fixing  on  that  of  10^.  lie  foood  that  when  the 
hjrgTonftPter  marlts  100%  the  elastic  fovea  iff  al  ils  maximnm*  or  9 A 
miuimetres ;  at  fiO''  the  dastio  iatee  is  ledooed  to  i  |  and  at  30^ 
to  |. 

40.  Pn^Swsor  Ponillet  lemarks,  that  notwithslanding  the  in« 

What  is  the  coiwtruction  of  De  Sauwrare't  hygrometer  ? 

How  did  be  obtain  the  filed  points  of  hii  scale  7 

To  what  serious  oligectiona  is  this  instrument  liable  ? 

What  poinf.  in  repanl  to  molBture,  is  it  important  for  us  to  nBcertaint 

De  Saussiire's  instrument  determine  tiiis  point  ? 
Wbat  eSwis  were  Ibrmerly  made  io  remedy  thia  delbcti 


ids  with  each  of  the 
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ortant  assistance  afforded  by  the  labours  of  M.  Gay  Lussao,  the 
air  hygrometer  can  but  yield  approjtimative  Mtniates  of  fli4 
elastic  force  of  thevapoar  oontalned  in  air,  boeamio  tho  fcaatrameot 

la  irregular  in  its  IndicattoiiBi  and  liable  to  orror.*  It  is,  howew« 
]NEobably  the  least  inaccurate  of  those  hygrometora  whose  actiooi 
depends  on  the  change  of  dimensions  m  bodies,  owin^  to  their 
absorption  of  vapour ;  and  as  it  has  been  very  extensively  em- 
ployed by  men  of  science  in  making  meteorological  obaenrationa^ 
Bome  notice  of  it  seemed  to  be  required. 

41.  Hygrometers  of  the  kind  just  described  can  at  best  supply 
only  apart  of  the  information  requisite  towards  determiaing  tM 
slate  or  the  atmospheKe  witJi  respect  to  its  ajiaeons  eoetents*  Tbe 
quantity  of  invisible  Tapoer  in  any  mass  of  air  must  depend  on  tlie 
•laslie  force  of  Uie  vapour,  or  its  disoosition  to  retain  a  gaseons 
form,  and  that  again  will  be  chiefly  influenced  by  temperature.  The 
precise  object  of  hygrometry,  then,  should  be  to  determine  how 
much  moisture  the  atmosphere,  or  a  given  portion  of  it,  may  con- 
tain at  a  certain  temperature.  This  may  be  effected  by  ascertain- 
ing at  what  thermometrical  despree  a  body  ot  air  begins  to  deposit 
its  moisture,  or  ionn  dew ;  and  its  temperatore  also  being  knowOt 
its  qeantity  of  moistare  may  be  edeniatod. 

49.  The  degree  of  temperature  at  which  moktare  begins  to  be 
fnreetpitated  is  termed  the  deiv-poinL-f  The  manner  in  which  it 
varies,  relatively  to  the  state  of  the  atmosphere  as  to  heat  and 
moisture,  is  well  illustrated  by  one  of  Mr.  Daniell's  experiments. 
"The  temperature  of  a  room  beings  45^,  I  found  the  point  of  con- 
densation in  it  to  be  39°.  A  fire  was  lighted,  the  door  and  win- 
dows carefully  shut,  and  no  one  allowed  to  enter.  The  thermometer 
rose  to  55°,  but  the  point  of  condensation  remained  the  same.  A 
party  of  eight  persons  sfterwaids  oocapied  the  room  Ibr  seferal 

What  relation  exitis  between      quantity  of  Taponr  in  the  air  and  its 

elastic  force  ? 
On  what  does  the  latter  depend  f 
What  is  meant  by  the  terra  deu>poirU  in  meteorology  f 
How  may  the  variation  of  that  point  be  iliuttrateaY 


•  Poullet  Elem.  de  Phys.  et  Met^rol.,  torn.  ii.  pp.  737—741. 
f  Dr.  Dalton  wait,  perhaps,  the  first  English  philoeopher  who  pointed  out 
importanee  of  the  dew-point,  as  a  hygroscopieal  phenomenon,  in  a 
series  of  Kmaye  published  in  the  Manchester  Transactions,  vol.  v.  First 
Series.   But  a  kind  of  hygrometer  involving  this  principle  was  long  pre- 
viously invented  by  an  ingenious  Frenchman.  **  M.  le  Roy  preseriVoi^ 

Sour  moyen  hygrora^trique,  de  tenir  dans  Tair  un  verre  iifein  d'eau,  et 
ont  la  t<»mj>erature  fut  la  meme  que  ceMe  de  I'air ;  de  rpfroidir  lentement 
cette  eau  par  une  addition  giudu^  et  successive  d'eau  k  la  glace,  et  de 
aocer,  le  degr^  de  iVeid  annuel  en  commencereit  4  voir  &  la  surihoedu 
verro  celte  l^goro  ros^e  qui  indique  la  precipitation  des  vapeurs,  et  par 
confl6quent  la  Bui^ersaturation  de  Pair  contigu  au  verre.  II  jugeoit  1  air 
d'autant  moins  humide,  qu'il  falloit  un  degr6  de  froid  plus  considerable 
pour  operer  cette  precipitation."— fi^^Totfcl  c&  la  Fond  EUm,  dip  Pkjfd^pUk 
Wn»  nh  pb  354.  V.  I<e  feoy  fisHus  sur-VHygmmteie^  p>  57. 
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kourHttt^  ^  fire  was  k«pt  Th*  lMBMnt»  liwroMwrf  t» 
i8S  Mid  tbe  pout  of  «OBileiwatlon  vm  to  69<».*'* 

43«  AMBg  tbe  instrumentt  that  bwre  been  in venti'.d  to  aseeitum 
tbe  bygiomtric  state  of  the  atmospbsre  with  relation  to  its  tem- 
perature, may  be  mentioned  the  hyp^rometers  of  Profpssnr  Daniell 
and  of  Professor  Pouillet.  Both  consist  of  apparatus  adapted  to 
show  the  temperature  of  a  body  on  the  surface  of  which  dew 
begins  to  foriu,  and  which  may  be  compared  witii  that  of  the  air 
from  which  it  is  precipitated. f 

44»  A  very  simple,  as  well  as  aceunte,  netiliod  of  taking  the 
ddw-poiAt»  is  to  use  a  tbtn  tumbler  of  tin,  kapt  very  brigbt  aad  clana 
OB  tbe  outaido— and  ia  tbe  sammer  cold  water,  and  m  tbe  winter 
snow  or  iee,  and  if  neoessary  salt*  minted  with  watei«--«fid  whea 
tbese  are  not  at  hand,  a  mixture  of  muriate  of  ammonia  and  nitrate 
of  potash,  in  equal  quantities,  pounded  very  fine,  put  into  the 
tumbler  with  water.  By  any  of  these  means  a  temperature  may 
soon  be  obtained  below  the  dew  point.  \\  iien  dew  settles  on  the 
tumbler  it  must  be  carefully  wiped  off,  very  dry,  and  the  iiuid  within 
stifled  with  a  thermometer — and  this  must  be  repeated  until  tbe 
Md  is  graduallj^  hoatod  up  by  Ike  air,  so  tbat  Ike  molstiire  ceases 
to  settle :  the  higbest  temperatare  at  which  it  will  settle  is  the 
dew  point."  Tbe  same  point  may  be  obtaiaed  approximately  by 
the  following  method :  Take  two  thermometers  that  agree,  or 
allow  for  the  difference;  cover  one  of  them  with  a  piece  of  wet 
wiiite  cloth,  and  swing  them  simultaneously  in  the  air,  (unless 
the  wind  is  blowing  fresh  ;)  when  it  is  dicovered  that  they  cease 
to  change  by  swinging,  or  by  the  effect  of  the  wind,  take  103 
times  their  difierence,  and  divide  it  by  the  wet-bulb  temperature, 
and  sobiliaet  tbe  qootient  from  the  temperataie  of  the  nsked-balb 
—the  remaiader  will  be  the  dew-point.  Tbia  loimala  is  foonded 
on  ejqmiments  from 90**  Psbr.  to  80^,  and  does  not  differ  at  either 
extreme  from  the  most  esiefal  escperimenta."^ 

• 

Cbutb. 

45.  Since  the  condensation  of  aerial  vapour  depends  on  the 
temperature  of  the  atmosphere,  it  is  manifest  that  it  may  exist 
in  a  much  larger  proportion  in  warm  climates  than  in  those  that 
are  colder.    Thus  the  air  in  the  cloudy  climate  of  England  is 

Tn  what  manner  may  the  dew-poiiit  be  if^intd  by  ra&igeialioaaiid  the 

use  of  a  common  thermometer  1 
How  may  it  otherwise  be  approximately  obtained  ? 

♦  Brnnde's  Journal  of  Science,  vol.  viii.  p.  321. 

t  For  a  descripiive  account  of  Danielrs  liygrometer,  see  papen  in 
Brende'fl  Journal  of  Science,  vol.  viii.  p.  900 ;  and  Met  EamjB  and  Obe. 

Pouillet's  Hygromelre  a  Cavsule  is  described  in  his  FMm.  de  Phys.  et  de 
Met^rologie,  torn.  ii.  p.  7o3 ;  and  some  other>i,  roustrurted  on  similar 
principles,  are  noticed  by  Mr.  Forbes,  in  Report  ol  Kniiah  Aasoc.  for  183S. 

X  See  the  Circular  prepared  by  Ihe  joint  commiteet  ef  Ifaft  FHUUblAl 
stMutfik  and  the  Pbili^pbiaa  Sooie^  of  Pbitadelphiiu 
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upon  the  whole  less  loaded  with  moisture  than  that  beneath  the 
clear  sky  of  southern  countries;  and  conseqiiently  more  rain 
H^enerally  falls  during  a  year  at  Naples  than  in  AjOiidon»aRd  moie 
At  Calcutta  than  at  Naples.  At  the  equator  the  aur,  lelatiyatj  t« 
its  teroperatttfs«eontatns  less  moisture  than  in  the  temperate  zone, 
though  the  actual  amount  of  moisture  is  larger.  That  iSy  the  air, 
near  the  surface  of  the  earth,  under  the  line,  has  a  ^eater  capacity 
for  moisture  than  air  at  the  same  heitrht  in  colder  regions;  but  in 
the  latter,  the  actual  quantity,  (though  smaller  in  a  given  bulk  of 
wr,)  approaches  more  nearly  to  the  point  of  saturation,  without 
any  where  reaching  that  point;  for  when  it  does,  precipitation 
takes  place. 

46.  Hence,  at  the  equator,  the  air  immediately  incumbent  oa 
the  earth*8  surface  must  be  comparatively  very  dry.  MoreoTer« 

the  cause  which  produces  the  dryness  of  the  equatorial  air,  at  the 
earth's  surface,  must,  all  over  the  globe,  exert  different  degrees 
of  the  same  influence.  The  air  every  where  incumbent  on  the 
earth's  surface  must,  therefore,  always  be  under  the  point  of  satu- 
ration ;  the  relative  degree  of  dryness  heing  highest  under  the 
equator,  and  gradually  diminishing  as  we  re<;ede  north  or  south 
toward  the  poles."* 

47.  Clouds  consist  of  visible  Tapour,  or  meteoric  moisture  in 
the  intermediate  state  between  invisible  vapour  and  palpable 
liquid.  Their  formation  appears  to  be  the  result  of  the  imperfect 
condensation  of  invisible  vapour,  from  the  intermixture  of  strata 
of  air  at  different  temperatures.  Evaporation  is  perpetually 
taking  place  from  the  surface  of  the  earth,  not  alone  from  seas, 
lakes,  and  rivers,  but  in  some  degree  from  the  hard  rock  or  the 
frozen  8oil.|  The  watery  exhalations  are  usually  imperoeptibfiy 
unless  when  a  rapid  chanse  of  temperature  occurs,  as  on  a  sudden 
thaw  after  a  hard  frost,  when  the  damp  earth  and  the  waters  throw 
6ff  abundance  of  recking  vapour.  At  other  times,  the  transfer  of 
the  aqueous  fluid  from  the  earth  to  the  atmospheie,  though  not 
iilterrupled,  is  less  distinctly  observable. 

48.  "  During  the  heat  of  the  day  it  rises  from  the  surface  of  the 
land  and  waters,  and  reaches  its  point  of  condensation  in  greater  or 
less  Quantities  at  different  altitudes.  Partial  clouds  arc  formed 
in  diffbient  wuallel  planes,  which  always  maintain  their  relative 
distances*  The  denser  forms  of  the  lower  strata,  as  they  float 

Moug  with  the  wind,  show  that  the  greater  abundance  of  precipi* 

'  Considered  with  reference  to  the  teiapemtuie,  in  what  aonat  m  tbe 
•  quantity  of  moisture  greatest  ? 

What  is  the  hygrometcie  state  of  air  at  the  sqaatof^  near  the  gioond  f 
What  is  die  natnie  and  Hum  of  oloudif  - 

*  Dr.  Pioat*«  Chemistry  and  Meteorology,  p.  867.  From  the  lat||MMfft4f 
Pr.  Prout's  opinion  there  may  be  reason  to  diisent ;  for  though^jL'gftMO- 
lute  quantity  of  moisture  towards  the  poles  may  be  less,  thejlmerence 
in  high  and  low  situations  may  still  bo  as  ereat  as  in  the  equatorial 
fkmt.  The  air  at  the  surface  is  satafated  whmi  foM  cover  it^-^EDb  ^ 

t  See Scientifle  Clait Book,  pt  i.  p.  90a.  ^ 
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taUon  ha?  been  at  the  first  point  of  deposition,  while  tlie  featheqr 
shapes  and  lighter  texture  of  the  upper  attest  a  met  stdiotplicnnB* 
These  elonds  do  not  iooresse  beyond  a  eertain  point,  and  often  le* 
mam  atatioaary  in  qoantity  and  figore  for  many  hours ;  but  as  the 
lieat  deelines,  they  ^dually  melt  away,  till  atlengrth,  when  the 
sun  has  sunk  below  the  horizon,  the  ether  is  unspotted  and  trans- 
parent. The  stars  shine  through  the  niffht  with  undimmed  lustre, 
and  the  sun  rises  in  the  morning  in  his  briorhtest  splendour.  The 
elouds  again  begin  to  form,  increase  to  a  oertain  limit|  and  vanish 
with  the  evening  shades. 

49.  This  gradation  of  changes,  whieh  we  see  so  often  repeated 
In  oar  finest  seasone*  may  atfiial  seem  contnuj  to  the  ^e  prin* 
eiplee  \  and  the  preeipitationa  which  oeenr  with  the  iwrefut  of 
temperature  and  disappear  widi  Ita  dsdxnt^  may,  without  reflection, 
be  regarded  as  diametrically  opposite  to  correct  theory.  But  a 
little  consideration  will  show  that  such  conelnsions  would  be  un- 
true. The  vapour  rises,  and  is  condensed;  but  in  its  descent 
falls  into  a  warmer  air,  where  it  is  again  evaporated,  and  becomes 
invisible  ;  and  as  the  qoantity  of  evaporation  from  the  surface 
of  the  earth  is  exactly  equal  to  supply  this  process  above,  the 
«)ond  neither  augments  nor  decreases.  When  the  aaa  dediaeS| 
the  ground  eools  move  rapidly  than  the  air ;  evaporation  deereaseev 
but  the  dissolation  of  the  cloud  continues.  The  supply  at  length 
iotrily  ceaaes,  and  the  eloud  subsides  completely  away*  The 
TOommg  sun  revives  the  exhalations  of  the  earth,  the  process  of 
their  condensation  and  consequent  cloud-like  form  commf»nceSf  and 
they  again  undergo  the  same  series  of  changes."* 

^0.  Clouds  differ  from  fogs  only  in  iheir  sujierior  elevation  above 
the  surface  of  the  earth.  "They  are  seldom  a  mile  high  in  our 
4slimate  in  winter;  in  summer  they  may  perhaps  ocessioaally  be 
two  or  tlirse  miles  high.  The  tbiclcness  of  a  stratnm  of  clouds, 
«r  distance  from  the  uador  to  the  upper  surfhce,  \k  also  variable, 
from  a  few  yards  to  three  or  four  hundred  or  more.  X  Btmtnmof 
«loud  of  greater  depth  is  probably  of  rare  occurrence  any  where  | 
it  would  produce  a  greater  degree  of  darkness  PA  the  earth's  sur* 
face  than  is  ever  observed. **f 

51.  Different  opinions  have  been  proposed  as  to  the  constitution 
Af  the  clouds.    They  are  usually  regarded  as  consisting  of  little 


Tn  What  pert  ef  a  leifesef  donds  does  the  pieclpftalSon  of  nofolore 

<hp  invisible  state  appear  to  be  most  copious  f 

What  succeBsioB  of  a^paaraaees  recuia,  doriag  fine  weatbeiv  in  tempos 
tats  elkaateaf  ^  « 

Wkk  it  ttiifl  vec«nciled  with  the  priaeiplsa  of  greatsr  evapofatieii  beiag 

caused  by  higher  temperatnros ' 

What  M  pi»l»abl|r  the  greatest  thickness  of  clouds  in  a  vertical  directi 


*  Daiii«!|{a  Meteorological  Cssayv  and  Obaervafiona.  pp.  1M»  18&. 

1  Dr.  Daiton^s  Meteorolog.  Observalioiis  and  Essays,  App,  to  2d  od 
Note  I  A.]    The  sequel  of  this  note  contains  an  instructive  account  of 
^k^ttBena  Delating  to  clouds,  otMorved  during  excursions  in  the  jao/a 
,^Bmed  jiuia  ef  MTMal  eoaatmi  in  Eoglsnd^ 
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TBBieles  of  water  filled  with  humid  air.*  As  to  the  cause  of  their 
ascent  or  suspension  in  the  atmosphere,  M.  Gay  Lussac  refers  it 
to  the  impulsion  of  ascending  currents,  owin^  to  the  difference  of 
temperature  between  the  surface  of  the  earth  and  that  (jf  the  up- 
per air;  while  M.  Fresnel  supposed  that  the  solar  heat,  absorbed 
by  clouds,  formed  groups  of  minifelaie  nontgolfidres,  which  rise 
lo  Mgiits  depending  oa  their  exeess  of  tempentnre  above  tilat 
of  tbe  air. 

53.  Dr.  DaltoB  lies  ttdTaneed  a  different  hypotheaie*  eon^derin|r 
eloude  ae  being  composed  of  water  only,  in  a  etate  of  extreme  di*' 
vision.  He  says  :  **  When  a  precipitation  of  vapour  takes  place, 
a  multitude  of  exceedingly  small  drops  form  a  cloud,  mist,  or  fog: 
these  drops,  though  eight  hundred  times  denser  than  the  air,  at 
first  descend  very  slowly,  owing  to  the  resistance  of  the  air,  which 
produces  a  greater  effect  as  the  drops  are  smaller.'*!  This  last  view 
of  the  natare  of  eloads  has  been  reeently  broa||ht  forward  by  Prof. 
Slevelly  at  the  Edinburg  meeting  of  the  British  Associatton.  He 
alleged  that  cloads  were  assemblages  of  spherules  of  water«  the 
nroduction  of  which  might  be  accounted  for  by  the  laws  of  capil* 
wny  attraction;  and  he  very  justly  remarked,  that  notwithstanding 
their  actual  specific  gravity,  compared  with  that  of  air,  "  the  mi- 
nute size  of  tne  cloudy  spherules  would  alone  be  sufficient  practi- 
cally to  suspend  them,  as  even  gold  and  platina  may  be  so  subdi- 
videid  as  to  descend  with  less  than  any  assignable  velocity.'*^ 

53.  Eithcor  of  these  theories  may  be  employed  to  aeeount  for  the 
phenooiena;  bnt,  as  Professor  Poiiillet  remarks,  ^<  We  at  present 
do  not  possess  soffieient  data  eoneeroiog  the  real  eonstitution  of 
clouds,  and  the  properties  of  the  vapours,  or  the  different  elements 
which  compose  them,  on  which  to  ground  a  satisfactoiy  explana- 
tion of  their  various  appearances.* 


MfdyUtOknu  of  Claude. 

54.  The  ever-changing  varieties  of  form  which  clouds  exhibit 
to  the  eye  of  the  observer,  seem  to  hid  defiance  to  all  attempts  at 
classification.  The  task,  however,  has  been  undertaken  by  Mr. 
Lake  Howard,  arhtf  after  a  long  aeries  of  meteorological  re- 
aaarehes,  formed  a  systemade  arrangement  of  elonds,  distin* 

What  opinions  have  been  advanced  to  explain  the  ooottitiitioa  of  ctoudi  I 
What  ia  the  hypolhesii  of  Gay  Lussac  ? 

How  has  FrofesMir  Slelrelly  souffht  to  account  for  the  suspension  sf 
the  apherulei  of  visible  vapour  in  tae  air! 

•  "On  admet,  en  g<jnieral,  que  lea  vapeurs  qui  constituent  les  nuages  sojit 
des  vapeurs  visiinUaires,  c'est  h,  dira«  das  amas  de  patitR  globules  remplis 
4*air  humide,  tont  &-fait  analogues  aux  buUaado  lavon."— Pmiittcf  JEmm. 
de  Phys.  et  de  MdUoroL,  torn.  ii.  p. 

t  Meteorologieal  Observations  and  S88a3rg,  p.  134. 

X  Report  of  ProfiMior  StsveM^QbsarvaiioM  in  die  Alheamun,  Ibr  Sept 
1834, 

i  Ei^oL  ds  Fhys.  et  de  M616010I,  torn.  iL  764* 
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guishinff  them  by  names  characteristic  of  their  ^neral  etnictuw 
and  mode  of  production.  The  classification  and  terminology  pro- 
posed by  this  inorenious  philosopher,  have  since  been  adopted  by 
many  writers ;  and  Mr.  Howard  himself*  after  eighteen  years*  ex- 
periencet  thns  stales  his  confidence  in  tlie  propriety  of  liis  method : 
M I  do  not  find  a  neceseity  either  to  malte  aoditions  to  this  little 
s^steoaf  or  to  retrendi  anr  of  its  parts.  Some  subordinate  distino* 
tioDS  may,  indeed*  at  a  nitare  period,  be  found  useful ;  but  until 
the  classification,  as  it  is,  be  generally  adopted,  its  simplicity  must 
'form  its  most  powerful  recommendation,  and  its  conformity  to 
nature.  It  is  in  the  form  and  structure,  carefully  considered  with 
due  reference  to  situation,  that  the  observer  will  find  the  basis  of 
a  correct  judgment ;  and  he  will  do  well  to  wait,  at  first,  for  se- 
Teral  sneoessiTe  appearanese  of  each  modification,  to  whidi  he 
will  thus  at  length  nnd  the  definition  apply  in  all  its  parts**** 

55.  The  modifir  itions  of  eloads  are  distinguished  into  three^ 
principsl  distinct  formations,  and  four  composite  idnds.  Tlie  sim- 
ple forms  are  the  cimis^  in  which  the  vapours  have  the  appear- 
ance of  loose,  narrow  bands  of  parallel  or  diverging  feathery 
fibres ;  the  cumulus,  exhibiting  heaped  masses  of  a  globular  or 
conical  shape  ;  and  the  stratus,  forming  extended  level  sheets  of 
cloud.  The  composite  clouds  are  the  cirrocumulus,  consisting  of 
collections  of  smairbat  weli4efined  mliiettlar  masses,  or  little  cu- 
mnli;  the  etrro-«lrafi«t,  in  horizontal  or  somewhat  ohliqne  sheets, 
ha?ing  a  light,  fihrons  appearance  ahove,  and  a  concave  or  nndii-* 
lated  surface  below ;  the  eumulthstroUu^  generally  flattened  at  the 
base,  and  heaped  above  with  orerhanging  protuberances ;  and  the 
ntmbuft,  composed  of  dense  continuous  masaes^  forming  a  OtUOpj 
of  vapour  dissolving  below  into  rain. 

56.  Dr.  Thomas  Forster,  who  has  long  been  an  industrious 
observer  of  atmospheric  phenomena,  and  has  disting^uished  him- 
self by  his  writings  on  meteorology,  has  adopted  Mr.  Howard's 
system,  which  he  las  endeavoured  to  familiarise  by  the  addition 
<N  English  names  for  the  several  modifications  of  clouds.  To  the 
statement  of  these  terms  may  he  properly  added  a  few  notices  of 
the  modes  of  formation  of  the  different  varieties,  and  of  the  in^r* 
ences  that  may  be  drawn  from  their  appearanoe  relative  to  changen 
of  weather. 

57.  Cirrus,  or  curlcloud. — This  delicate  modification,  with 
its  varieties,  may  be  distinguished  hy  its  fleecy  or  filmy  light- 
ness, fibrous  structure,  and  instabilty  of  form  ;  seldom  long  pre- 
serving the  ssme  appearance*  It  commonly  occupies  the  higher 
regions  of  the  air.  In  variable  and  warm  weamer,  with  gentle 
breeses  in  summer,  long  obliquely  descending  bands  of  cirri  are 

Whst  nomenohiittTe  hat  been  finmd  to  distinguish  <he  terefol  lunds  of 

clouds  ? 

Whnt  nre  (he  characters  of  the  several  cpmpound  cloudfi  ? 
*Tbe  Climate  of  London,  deduced  from  Meteorological  Obtervauom,  p.  U 
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■OM^ttmea  Men  ooiimetiii^  maaM  ^  otiier  aodHieatioiw,  pre- 
.yiooBly  to  nio.    After  a  eontinuanee  of  fine  dear  weatber, 

the  cirrus  may  be  seen  crossing  the  sky  at  a  great  height,  Ifte 
a  white  thread,  the  extremitaea  or  which  seem  lost  in  the  horizon. 
This  is  called  the  Linear  cirrus.  When  several  of  these  long" 
.clouds  are  connected  by  transverse  or  oblique  processes,  they 
have  been  termed,  from  their  net^like  arrangement,  Reticular  cirri, 
the  most  usual  form  of  the  cirrus  is  that  called  the  Comoid^ 
or  Mart*94ttU  ebrmg^  which  commonly  occurs  in  variable  wea« 
ther,  iodieating  the  approach  ef  wind  or  rain.  When  eaie* 
fnllj  obaerred,  the  cirri  will  be  found  to  ejdiibit  signs  of  internal 
oommotlon*  without  any  ehange  of  place  ;  though  aometimea  tha 
fibres  seem  to  wave  gently  to  and  Iro.  This  happens  most  $ia- 
quently  in  those  large  and  lofty  cirri,  with  rounded  heads  and  long 
pointed  tails,  which  are  common  in  aununer  and  auittnin«  dnrii)^ 
the  prevalence  of  dry  winds. 

^  53.^  Cumulus,  or  stackencloud. — This  cloud  is  readily  dis- 
tinguished by  its  irregularly  hemispherical  figure,  having  gene- 
.xally  a  level  bate.  It  is  produced  by  the  gathering  of  detached 
niaaaea»  which  then  appear  ataeked  or  piled  togeuier..  Ita  io^ 
mation  may  be  most  advantageously  traced  in  fine  aettled  wea- 
ther. About  aunrise,  amall,  thinly-acatleied  specka  of  clouds 
may  be  perceived ;  which,  as  the  sun  ascends,  increase  in  bulk, 
coalesce,  and  at  length  form  the  complete  cumulus.  It  has  been 
termed  the  cloud  of  day ^  as  it  generally  dissolves  in  the  evening, 
separating  first  into  small  fragments,  and  retracing  the  steps  of 
its  formation  in  a  reversed  order.  The  more  regularly-rounded 
cnmnli,  of  a  whitiah  colour,  which  reflect  a  bright  silvery  light 
when  oppoaite  the  ann,  are  the  harbingera  of  mie  weather;  but 
those  fA  a  more  indeterminate  figure,  with  a  dark  hue  and  irregu- 
lar fleecy  protuberancea,  prognoatieate  rain. 

59.  Stratus,  or  fallcloud, — The  atratns  is  nothing  more  than 
that  bed  of  vapour  which  covers  the  surface  of  the  earth  during 
the  absence  of  the  sun,  or  when  its  rays  are  impeded,  sometimes 
creeping  as  a  mist  over  the  valleys  and  low  lands,  and  disap- 
pearing soon  after  sunrise;  and  at  others,  bovprinrr  in  the  shape 
of  a  dmgy  fc^  at  a  email  elevation  in  the  air,  durFng  one  or  per- 
hapa  several  daya.  In  ita  uaual  form  of  a  summer-evening  mist. 
It  owea  Ita  orlpn  to  the  nocturnal  depfeeaion  of  temperature  in 
the  lower  legion  of  the  atmosphere.  It  may  be  observed  in  a 
fine  evening,  after  a  hot  day,  when  the  cumuli  which  have  pw- 
vailed  through  the  day  decrease,  that  a  white  haze  forms  cfoae 
to  the  ground,  and  veils  its  ittrface.  About  midnight  it  attains 
its  utmost  density,  an^  disappears  towards  sunriae.   It  haa  hence 

In  whatttatetof  wMther  isthe  eitnir  « 

Enumernte  some  of  its  varioties  ?  ^  :  - 

What  is  found  to  be  the  action  of  ihe  i»>»rffeCiM«^Jii  nrntiMili 

What  dixtingiiishes  the  ciil^pdiit  fiom  (omgSm  of  cloudtl 
By  what  isAiUas  name  is  U  des^inated 
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btMn  ealled  the  thud  of  m'^he.  In  unamn  tbe  l<mg«r  eontiiiiiaaee 
of  this  elond  marks  the  diaiinaUoD  of  the  8qii*8  power.   Bet  in 

winter  it  sometimeB  amumes  the  form  of  a  dense  fog,  shrottdtii|^ 
in  dismal  darkness  every  object  oh  the  earth,  espeet^ly  in  the  atmo- 
sphere of  some  large  cities  ;  the  obscurity  being  augmented  by  the 
intermixture  of  smoke  with  the  watery  vapour.  In  January,  1814, 
one  of  these  fogs  pervaded  the  air,  over  a  great  part  of  the  south 
and  west  of  England,  for  about  a  fortnight.  The  stratus  is  ofteu 
fuutid  to  be  positively  electrified ;  and  hence  it  does  not  wet  oh- 
leets  in  eontaet  with  it*  This  modification  must  not  he  ooiIf 
founded  with  some  Tarieties  of  ciirostratuSy  wldoh  resemble  it  in 
appearanee}  hut  the  latter  wets  every  thing  il  tonehes,  and  thus 
the  two  forms  may  be  distinguished* 

60.  CiRRocuMULUs,  or  soNDERCLotJD^-— The  name  of  this  cloud 
indicates  its  affinity  to  two  of  the  principal  forms.  It  differs 
from  some  varieties  of  the  cirrostratus,  by  the  superior  density 
and  compactness  of  its  component  nubeculae,  and  the  greater 
diversity  of  arrangement.  At  the  approach  of  thunder  storms  cir- 
lostrati  appear  in  masses  of  a  denser  structure,  more  rounded 
shape,  and  in  closer  order  than  at  other  times.  In  rainy,  chancre- 
able  weather,  these  clouds,  have  a  light,  fleecy  texture,  and  ram- 
ble figure,  being  scarcely  to  be  discriminated  from  cirrostrati. 
In  summer  the  cirrocumulus  forebodes  heat ;  and  in  winteiv 
breaking  up  of  frost,  and  approach  of  mild,  wet  weather. 

61.  Cirrostratus,  or  wanecloud. — From  its  disposition  to 
rapid  alteration  of  figure  and  subsidence,  this  kind  of  cloud 
has  derived  its  English  appellation.  It  is  remarkable  for  its 
shallow  depth  relatively  to  its  horizontal  extent;  while  in 
other  respeets  it  is  constantly  yarying.  It  originates  mora  fre* 
qoentlj  nom  the  cirrus  than  from  any  othw  modification ;  and 
sometimes  after  descending  from  a  higher  station,  and  assuming 
its  characteristic  figure,  it  changss  again  into  cirri ;  but  more 
commonly  it  either  evaporates,  or  unites  with  some  other  kind 
of  cloud,  producing  cumulostratus,  nimbus,  and  then  falling  in 
rain.  Besides  its  common  appearance,  as  a  long,  plain  streak  of 
cloud,  tapering  towards  the  extremities,  it  assumes  the  form 
of  the  Mottled  cirrostratus^  constituting  what  is  called  the 
maekerel-back  iky  of  summer,  erenings,  wlii^  has  been  pro- 
Tcrbially  Tecfconed  a  sign  of  diY  leather.  The  CymM  timu 
is  accoanted  a  Tariety  of  the  omstratns.  It  is  composed  of 
WUTing  bars  or  streaks,  either  arranged  so  aC  to  form  lines, 
or  otherwise  disposed.  It  is  sajd  to  be  a  sure  indication  of 
approachinor  storms.  Another  variety  of  the  cirrostratus  is  that 
large  shallow  veil  of  cloud  whicii  occurs  especially  towards 

At  whsl  hour  offhs  day  fi  die  rtratof  most  dtnse  t 

To  what  desi^ation  ^il^his  circumstance  given  rise  ? 
What  indicatiOtis,  iQ  .lncd  to  weather^  are  MppOMki  lo  bet  affiudad  by. 
the  cirrocumulus  ?  ^v^* 
^at  is  the  ^miliar  appeUation  applied  %  the  mottled  eimMtratnst 
rnf\ u  auppomd  «i  be  prognosticatsd  by  die  eymoid  dimsf 
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night,  and  through  wbieh  liie  mm  and  moon  appear  but  india- 
tliictly.  Haloa,  paThelia,  &c.,  naually  al«  formed  by  peculiar 
refractions  of  the  ligbt  of  tfaoae  bodiea  in  4iU  variety  of  <dottd. 
It  betokens  rain  or  snow. 

02.  CuMULosTRATus,  OT  TWAiNCLouD. — This  modification  of 
cloud  is  produced  by  the  accumulation  of  other  kinds,  as  the 
cirrus  and  cumulus.  The  cumulus,  driven  by  the  wind,  becoming 
retarded  in  its  course,  orows  denser,  spreads  laterally,  apd  swells 

-1  out  into  a  dark,  irregular  mass.  Sometimes  a  number  of  cumuli 
unite  at  the  base,  from  which  heapa  of  vapour  rise  in  the  form  of 
'  mountain  peaks,  or  detached  rocks.*'  The  cumnlostrati,  which 
give  birth  to  storms  of  hail  or  thunder  and  lightning,  often  look 
black  and  lowering,  especially  before  the  shower  of  hail  or  rain 
begins  to  fall.    Occasionally,  tlio  clouds  of  this  modification  eva-  . 

-  porate,  or  the  mass  Rpparates  into  cumuli ;  but  more  commonly 
their  appearance  is  followed  by  that  of  the  nimbus,  prod uciog  rain 
or  snow.  . 

63.  Nimbus,  or  raincloud.— Any  of  the  other  modifications 
of  clouds  may  form  and  again  disperse,  or  become  evanescent; 
but  the  nimbus  is  a  constant  precursor  of  a  storm.  It  may  be 
best  observed  when  showers  fall  at  a  distance,  and  the  nimbus  - 
can  be  seen  in  profile.  The  progress  of  its  formation  may  be  infep> 
red  from  what  has  been  just  described,  under  the  preceding  modi- 
fication. The  cumulostratus  having  been  formed,  sometimes  troes 
on  increasing  in  density  till  the  whole  horizon  is  veiled  in  por- 
tentous darkness.  Shortly  after  which  the  lowering  sky  assumes 
a  gray  obscurity,  denoting  a  new  arrangement  of  the  particles  of 
vapour  in  the  cloudy  mass.  The  nimbus  is  then  formed,  and  rain 
descends.  The  shower  continues  till  the  nimbus  is  exiiausted, 
and  other  modificationa of  cloud  reappear:  the  cirrus,  the  cirros- 
tratus,  or  perhaps  the  cinocumulus,  are  seen  aloft,  floating  amidst 
thp  blue  sky;  and  the  remaininir  cumulus,  no  longer  retardedy 
sails  along  with  the  wind  nearer  the  surfa^se  of  the  earth. 

Rain^  SnaWf  and  MaiL 

64.  One  immediate  cause  of  rain  is  probably  the  intermixture  of 
masses  of  air,  whose  common  temperature  is  insufficient  to  keep 

suspended  their  joint  amount  of  moisture,  part  of  which  is  therefore 
precipitated.   Another  is  the  ascend  into  an  elevated  region,  of 

warm  air  fully  supplied  with  vapour,  whereby  an  expansion*  and 
an  increase  of  capacity  for  heat,  with  a  dioiiautioa  of  temperature) 

What  Ibrms  does  the  cumulostratus  exhibit  previous  to  .i  hail  storm  or 
thunder  showor  ?    How  does  the  nimbus  differ  from  other  forma  of  cloude  t 
What  are  supposed  to  bo  the  two  immediate  causes  of  rain  ? 

*  The  effect  of  sndden  expansion  in  the  receiver  of  an  air-pump  is  to 
cause  invisible  to  change  ibr  a  moment  to  visible  vapour,  and  u>  fail  in 
miniatore  lain.-  Befinre  reaching  the  pump-plate  tiiis  litde  shower  will 
Bometimes  he  seen  to  disappear  as  the  tempemtuie  vesamis  its  ibmier 
slate.— En. 

2Q 
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takes  plaee.    Contending  currents  in  the  atmosphere  bring,  nd* 

denly,  into  mutual  contact  vast  fields  of  moist  air,  and  the  aqueous 
particles  coalescintr  form  drops,  which,  if  the  temperature  is  above 
the  freezing  point,  descend  in  liquid  showers.  The  size  of  the 
drops  of  rain  probably  depends  on  the  de<^ree  of  rapidity  with 
which  condensation  takes  place ;  and  the  rate  at  which  they  de- 
scend must  be  influenced  by  the  relative  height  of  the  ckmds,  the 
action  of  the  wind,  and  their  own  magnitude. 

65.  The  mean  quantity  of  rain  that  falls  in  different  parts  of 
the  world  Taries  considerably,  according  to  local  circumstances* 
Among  these  are  temperature,  distance  from  the  sea,  and  position 
with  respect  to  mountain  chains.  According  to  Humboldt,  nearly 
six  times  as  much  rain  falls  at  the  equator  as  in  60°  N.  latitude. 
But  in  the  tropical  regions  the  rains,  though  vastly  more  abundant 
than  in  cold  climates,  are  much  less  frequent ;  and  in  the  former, 
the  rains  are  periodical.  Mountainous  tracts  are  visited  with 
more  copious  and  frequent  showers,  in  general,  than  plains ;  and 
in  some  countries  little  or  no  rain  falls,  as  in  Egypt,  the  fertUitj 
of  which  depends  on  the  periodical  inundations  ot  the  Nile. 

66.  It  has  been  repeatedly  remarked,  that  in  any  given  situation 
the  quantity  of  rain  is  greatest  at  the  least  elevation:  thus  more 
might  be  collected  within  an  area  12  inches  scpiare  at  the  bottom 
than  at  the  top  of  a  high  tower,  all  other  circumstances,  except 
the  height  above  the  ground,  being  equal.    An  experimental  in- 
Testisation  of  the  cause  of  this  phenomenon  has  been  nndertaken 
by  Mr..  John  Phillips,  of  York,  England,  an  account  of  which 
may  be  found  in  the  Report  of  the  British  Association  for  1833. 
The  hypothesis  which  he  proposes,  as  a  probable  inference  lirom 
the  result  of       researches,  is,  "that  the  whole  difference  in  the 
quantity  of  rain  at  different  heights  above  tlie  neighbourintr  ground, 
is  caused  by  the  continual  augmentation  of  each  drop  of  rain  from 
the  commencement  to  the  end  of  the  descent,  as  it  traverses  suc- 
cessively the  humid  strata  of  air  of  a  temperature  so  much  lower 
than  that  of  the  surrounding  medium  as  to  cause  the  deposition 
0^  mcusture  upon  its  snrfece."   Mr.  Phillips  purposes  to  pursue 
the  inquiry,  with  a  view  towards  the  completion  of  the  theory  of 
this  curious  subject,  the  patient  investigation  of  which,  as  he 
justly  remarks,  cannot  fail  to  give  us  new  and  penetrating  views 
into  the  constitution  of  tlio  atmosphere.* 

67.  When  the  temperature  oi  the  region  of  the  air  in  which 
the  resolution  of  the  cloudy  vapour  into  water  takes  place  hap- 
pens to  be  below  the  freezing  point,  the  globules,  in  the  act 

On  what  does  the  size  of  the  drops  depend  ? 

What  local  circumstances  appear  to  affect  the  quantity  of  rain  faUing  on 
anygiven  Dortion  of  the  earth's  surface  ? 
Wnat  relation  appears  tp  subsist  between  the  elevation  of  a  plain  and 

the  qnnntity  of  rain  which  falls  upon  it? 

To  wliat  is  the  observed  difference  aliributed? 


*  Report  of  British  Association,  for  1833»  pp.  410  4X2. 
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of  union,  become  cong-ealed  into  needle-shaped  or  spicular  crystals, 
which  form  little  hexa^rons  almost  inlinitely  modirted;  and  these 
ao^in  combining  as  they  descend,  produce  flakes  of  snow.  Some- 
times the  frozen  masses  are  very  small,  constituting  9leeL  At 
other  times  they  assnroe  the  more  formidable  character  of  hail. 
^^HaOstones  are  often  of  considerable  dimensions,  exceeding 
sometimes  the  len^h  of  an  inch.  They  may,  therefore,  fall  with 
a  Telocity  of  70  feet  per  second,  or  at  the  rate  of  about  50  miles  in 
the  hour.  Striking  the  ground  with  such  impetuous  force,  it  is  easy 
to  conceive  the  extensive  injury  which  a  hail-shower  may  occasion 
in  the  hotter  climates.  The  destructive  power  of  these  missiles,  in 
fitripping  and  tearing  the  fruits  and  foliage,  increases,  besides,  in 
a  more  rapid  ratio  than  the  momentum,  and  may  be  estimated  by 
tlie  square  of  their  velocity  multiplied  into  their  mass.  This  fotA 
energy  is  hence  the  fourth  power  of  the  diameterbf  the  hailstone.'**  * 

68.  The  celebrated  Volta  ascribed  the  formation  of  hail  to  elec- 
tricity, and  proposed  to  defend  tracts  of  country  from  hail-storms 
by  rods  on  the  principle  of  lifrhtning  conductors.  These  hail- 
rods  or  paragreles  as  iliey  were  called,  were  tried  in  France  and 
Switzerland,  but  apparently  with  little  advantage.f 

When  is  snow  instead  of  rain  tiio  result  of  deposition  of  vapour? 

At  what  rate  does  the  destructive  energy  of  nail-stones  increase  with 

their  diameter? 

Ou  what  two  principles  does  Mr.  Espy  found  his  theory  of  aqueous  de- 
positions ?  {Note.) 


*  Leslie  on  Heat  and  Moisture. 

t  For  an  account  of  a  terrific  hail-storm,  in  which  some  of  the  masses 

weighed  n  pound  each,  see  Commodore  Porter's  Letters  from  Constanti- 
nople. On  the  subject  of  rain,  hail,  snow,  and  water-spoute,  a  very  inge- 
iiioufl  theoiy  has  recently  been  advanced  by  Mr.  James  r.  Espy,  who  refers 
the  occurrence  of  these  phenomena  to  the  mfluence  of  the  latent  heat  of 
vapour,  given  out  in  its  condensation,  aetincr  ns  sensible  heat  on  the 
atmospheric  air,  which,  havmg  a  low  specilic  heat,  will  bo,  in  any  given 
case,  more  expanded  bv  the  heat  of  the  vapour  which  has  been  condensed, 
than  it  is  contractod  by  the  diminution  of  bulk,  in  the  turning  of  that 
vapour  to  water.  This  increase  of  bulk  in  liic  air  may  occur  when,  satu- 
rated wiili  vapour,  it  ascends  from  the  surface  of  the  earth  in  consequence 
of  the  dituinution  of  its  specific  gravity^a  mixture  of  air  and  watery 
vnpour  being  lighter,  fmlk  for  bulk,  than  pure  atmos[)}ipnr  air.  Tf  is  known 
that  a  mass  of  air,  saturated  with  vapour,  at  any  temperature,  will  deposit 
liomo  portion  of  its  vapour  on  being  suddenly  dilated  in  the  receiver  of  an 
air-pump.  In  rising  to  the  upper  regions  of  air,  the  same  result  will  be 
obtaint^i,  and  Uio  more  decidedly  the  higher  it  rises,  for  the  dilatation  wtll 
be  the  greater  as  the  height  becomes  more  considerable.  But  though,  by 
the  dilatation,  the  va(x>ur  is  condensed,  yet  the  air  which  has  parted  with 
it  does  not  contract  and  re-descend,  for  the  latent  heat  given  out  is~isufH- 
cienf  to  keep  its  temperature  above  what  it  would  have  been  had  the 
samo  bulk  of  dry  air  been  carried  to  the  same  height  from  the  surface  of 
the  earth.  Mr.  Espy  has  found,  by  calculation,  **  that  the  quantity  of  latent 
caloric  given  out  the  change  of  vapour  to  water  or  cloud,  is  stUficient 
to  produce  an  cxpansicm  in  the  air  six  limes  greater  than  the  contraction 
caused  by  the  vapour  turning  to  water."  "This  calculation  is  founded  on 
three  principles,  which  are  au  demonstrated  by  experiment  1.  The  latent 
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69.  The  precipitations  of  water  from  the  atmosphere,  already 
dt'scribed,  depend  on  changes  of  temperature  in  the  air;  but  there 
are  others  frequently  taking  place  in  consequence  of  depression 
of  temperature  in  solid  bodies.  In  the  suminer  season,  in  clear, 
calm  nights,  the  surtuce  of  the  earth  and  growing  plants  are  found  at 
san^rise  covered  with  globules  of  linipid  moisture,  so  that  the  trees 
aad  hedges  glitter  io  the  first  rays  otthe  san,  as  if  they  were  hun^ 
with  multitudes  of  brilliant  diamonds  or  transparent  pearls.  Tliis 
phenomenon,  so  often  described  by  poets  as  well  as  philosophers, 
and  so  familiarly  known  to  all  who  inhabit  the  country,  consti- 
tutes dew ;  which,  in  some  situations,  occurs  so  copiously  as  to 
supply  the  want  of  rain.  The  circumstances  under  which  it  is 
pK^ipiiatedt  are  so  different  from  those  which  accompany  the 

What  b  meant  by  dhvf 

heat  of  vajxnir  is  a  constant  quantity  equal  to  1212°  of  Fah.  2.  The  ca- 
pacity of  aiuiuspheric  air  i8  23,  that  of  water  being  100.  3.  The  cxpaiiuiuu 
of  air  by  heat  ia  l-480th  of  the  whole,  for  every  degree  of  Fah.  above  ila 

bulk  at  32°." 

The  result  above  stated  leads  to  the  conclusion,  that  the  commencement 
.of  condenaation  in  an  ascending  current  of  air  will  cause  an  expansion  of 
die  whole  mass  of  air  above  the  cloud,  by  keepinK  to  temperature  elevated* 
and  causing  it  to  rise  and  apread  out  in  eveqr  direction  above  the  cooler 

masses  around  it. 

Air,  ascending  into  the  upoer  regions  of  the  atmosphere,  is  cooled  one 
degree  for  each  100  yards  or  ascent.   By  rising  9000  yardb,  thereibret  it 

would  be  cooled  90  degrees.  But  if  air,  saturated  with  vapour,  should 
ascend  to  the  same  height,  and  should  lose  even  45  degrees  of  heat,  it 
would  deposit  the  greater  part  of  its  vapoar  in  consequence  of  the  rapidly 
diminished  quantity  of  that  substance  capable  of  being  suspended  in  the 
air  nt  low  lemperatnroH.  When  much  vapour  is  conlaiuctl  in  the  air  at 
the  Hurluce  of  the  earth,  the  latent  heat  Irom  deposition  would  be  more 
than  aufficient  to  heat  the  air  to  46o  above  the  temperature  due  to  dry  air 
at  the  same  height  The  heated  air  will  conscqnently  continue  to  rise. 
The  equilibrium,  being  thus  once  disturbed,  cannot  be  restored  while  air 
highly  charged  with  vapour  exists  at  the  surface  of  the  earth.  The  pros* 
sure  of  the  air,  as  indicated  by  the  barometer,  will  be  diminished  beneath 
the  cloud — and,  if  it  amount  to  one  inch,  may  cause  an  riseendiiit;  cur- 
rent of  230  feet  per  second — "  sutheienl  to  carry  up  large  drops  oi  rain, 
after  they  are  formed,  far  above  tlie  region  of  perpetual  congelation/' 
where  they  may  be  frocen  and  carried  to  the  aides  of  the  ascending  car- 
rent.  When,  at  the  commencement  of  the  ascension,  "  the  dew  {x»int  is 
very  liigh,  and  iho  ascend  mi;  current  very  narrow,  the  upward  velocity 
will  bo  very  great,  and  thus  water-spouls,  or  what  llie  I'reneh  call  trombes, 
both  by  sea  and  land,  may  be  formed." 

The  author  supposes  that  "all  the  plienomena  of  rains,  hails,  snows 
and  water-spouts,  change  of  winds  and  depros>sions  of  the  barometer,  fol- 
low as  eosy  and  natural  corollaries  from  the  theory  here  advanced,  that 
there  ie  an  expansion  of  the  air  containing  transparent  vapour,  when  fAal 
vapour  in  condensed  into  water^  This  theory  is  the  result  ormiieh  careful 
observation,  and,  as  its  author  conceives,  is  justified  by  mulliludes  of  facts, 
which  meteorologists  have  not  been  able  to  solve  on  anv  other  hypotheaia. 
See  Trane,  qf  thm  CM.  Soc     PentL,  vol.  i,  p.  942.--^ 
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separation  of  moisture  from  the  air  in  the  state  ol  rain,  that  philo- 
sophers were  long  at  a  loss  to  account  lor  it.  Among  the  causes  as- 
signed for  its  proauction,  one  of  the  xnostplansible  was  electricity. 

70.  At  length,  however.  Dr.  W,.C.  Wells,  by  an  ingeniously 
condaeted  series  of  experiments,  ascertained  tliat  dew  is  chiefly 
owing  to  the  radiation  of  heat  from  the  substances  on  which  it  is 
deposited.  Hence  it  is  that  dew  never  forms  during  nights  which 
are  both  cloudy  and  windy  ;  ^"d  if,  in  the  course  of  a  night,  the  wea- 
ther from  being  serene  should  become  dark  and  stormy,  the  dew 
which  may  have  been  produced  will  disappear.  CIrass,  leaves  of 
vegetables,  or  other  bodies,  must  be  quite  exposed  to  the  sky  in 
order  to  enable  them  to  receive  dew ;  and  therefore  the  slightest 
shelter  will  prerent  its  deposition  on  the  covered  surface.  The 

3uantity  of  dew  most  necessarily  depeod,  sot  entirely  on  the 
egtee  of  radiation  at  any  one  time  and  place,  hut  also  on  the 
amount  of  moisture  present  in  the  air.  Perfect  stillness  in  the 
atmosphere,  therefore,  is  not  always  so  favourable  to  the  deposi- 
tion as  gentle  motion  ;  by  means  of  which,  after  one  mass  of 
air  has  been  deprived  more  or  less  of  its  moisture,  by  contact  with 
radiating  bodies,  other  portions  of  air,  from  which  it  has  not  been 
separated,  may  be  successively  brought  near  to  those  bodies, 
which  may  thus  receive  repeated  deposits.  Any  considerable 
agitation,  however,  approaehnig  to  windy  causes  the  precipitatioii 
to  cease. 

71.  These  and  many  other  circumstances,  connected  with  the 
occurrence  of  dew,  admit  of  a  complete  and  lucid  explanation,  by 

referTinfT  them  to  the  property  of  radiation.  Litrht,  fibrous  sub- 
stances, as  filaments  of  frossamcr,  wool,  thread,  cotton,  hair, 
grass,  and  low  plants,  both  dead  and  livinnr,  are  among  the  best 
radiators,  and  receive  dew  most  readily  ;  while  rocks,  bare  earth, 
and  considerable  masses  of  water,  have  less  disposition  to  part 
with  their  heat  in  the  same  manlier^  and  theielbve  remain  free 
from  dew. 

72.  Hoar-frost  is  merely  frossen  dew,  owinsf  either  to  powerful 
radiation,  when  the  atmosphere  itself  has  a  temperature  above  the 
freezinjT  point,  but  the  radiating  substances  part  with  their  heat 
so  fast  as  to  fall  below  it,  and  thus  the  moistiin^  freezes  on  them 
as  soon  as  it  is  precipitated  :  or  the  congelation  may  be  accom- 
plished and  preserved  by  a  depression  of  temperature  in  the  air 
below  32°  Fahrenheit.  Glass  is  an  excellent  radiator  of  heat; 
and  hence  it  often  receives  depositions  of  hoar-frost  in  winter, 
incrusting  its  surface  sometimes  with  elegant  frost-work,  bearing 

r 

To  what  ii  the  deposition  of  dew  at  night  chiefly  attribUfaUeT 

What  is  necessary,  in  regard  to  the  situation  of  plants,  in  order  that  they 
should  receive  a  de|x>sit  oi  dew? 

What  is  the  etfect  of  motion  in  the  air  on  the  quantity  of  dew  which  it 
will  deposit?  ^ 

What  character,  in  regaid  10  emitting  heoli  have  bodie|'wfalch  aocumu- 
late  much  dew  ? 

Why  does  glass  accumulate  hoar  fmst  ? 

A 


— -rv 


462 


METEOROLOGY. 


a  fanciful  resemblance  to  trees  and  landscapes.  Some  of  the  aim- 
pier  forms  of  hoar-frost  are  exhibited  in  the  following  figures. 


73.  The  trees  and  hedges  also  in  the  cold  season  display  yet 
more  beautiful  assemblafips  of  snowy  crystals,  the  complicated 
figures  of  which  it  would  bo  useless  to  attrmpt  to  trace.  Hoar- 
frost, in  the  spring,  sometimes  destroys  the  buds  and  flowers  of 

flants,  and  literally  deprives  the  gardener  of  the  fruit  of  his  labour, 
t  had  been  long  known  that  tender  vegetables  and  opening  buds 
might  be  protected  from  its  deposition  by  a  very  slight  shelter ; 
but  it  is  only  since  the  discoveries  of  Dr.  Wells  have  been  pro- 
mulgated, that  the  manner  in  which  such  shelter  acts  (namely,  by 
preventing  radiation)  has  been  properly  understood. 

74.  The  production  of  ^round-icey  that  is,  ice  formed  at  the 
bottom  of  rivers,  is  a  phenomenon  that  has  often  attracted  the  no- 
tice of  philosophers,  and  given  rise  to  different  hypotheses.  Mr. 
T.  A.  Knight,  in  a  paper  published  in  the  Philosophical  Transac- 
tions, attributes  the  formation  of  ice  in  such  situations  to  particles 
originally  congealed  at  the  surface,  and  afterwards  carried  to  the 
bottom  by  the  eddies  of  streams.*  Neither  this  nor  other  theo- 
ries that  have  been  advanced  cin  be  considered  as  satisfactory. 
The  phenomena  are  well  described  in  a  paper  by  Mr.  Richard 
Garnett,  published  in  Brande's  JournaJ  of  Science  in  1818;  but 
that  gentleman  does  not  proj^ose  any  new  mode  of  accounting  for 
the  existence  of  ground-ice.  lie  remarks,  however,  that  it  never 
occurs  but  under  peculiar  atmospherical  circumstances.f  He 
adds,  that  "  the  immediate  cause  of  the  formation  of  this  ice 
seems  to  be  the  rapid  diminution  of  temperature  in  the  stone  or 
gravel  in  the  bed  of  the  river,  {on  which  it  is  deposited^)  connected 
with  sudden  changes  in  the  state  of  the  atmosphere.":^ 

Why  does  a  simple  veil  or  screen,  placed  over  plants,  prevent  their  de- 
8tri)Ction  by  frost  ? 

What  is  meant  by  pround-ice  ? 

What  alicmpts  have  been  made  to  explain  its  production? 


*  Soe  AbHtmcts  of  Papers  in  Philos.  Trans.,  vol.  ii.  p. 
T  Hrando'8  JournaJ,  vol.  v.,  p.  269. 
X  Idem,  p.  273.  ^ 
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5.  Experiments,  which  could  be  best  prosecuted  in  frosty 
.  weather,  would  be  requisite  to  develop  the  cause  of  the  formatioa 
of  ground-ice.  It  may,  however,  be  not  improbably  attributed  to 
the  acquisition  by  stones  or  gravel,  in  consequence  of  radiation  of 
heat,  of  a  temperfttiue  below  the  freessing  point,  while  the  water 
passing  over  those  snbetanoes  was  soinewhat  warmer.  It  mar 
be  stated,  as  an  argument  in  fa?oar  of  this  sapposition,  that  ^roona- 
ice  is  foand  only  in  clear,  running  water,  through  which  it  may 
be  conceived  radiation  mifrht  take  place.* 

76.  Various  other  atmospheric  phenomena  are  frequently  treated 
of  in  books  relating  to  meteorology.  These  are  chiefly  of  two 
classes,  namely,  those  w^hich  may  he  explained  by  means  of 
the  laws  of  optics,  and  those  whicii  appear  to  depend  on  electro- 
inagnetism*  Among  optical  or  photonomksal  phenomena,  there 
are  few  more  enrious  than  the  mirage,  loommflr,  and  the  fata 
morgana,  or  more* beautiful  than  the  rambow  ;  ana  of  these  some 
notices  will  be  lonnd  in  the  treatise  on  Optics,  in  the  former  vo- 
lume of  this  work.  Notwithstandingr  ibe  brilliant  discovprios 
that  have  been  made  within  the  last  forty  or  hfty  years  relative  to 
electricity,  we  are  yet  by  no  means  able  to  trace  the  full  extent 
of  its  influence  over  the  atmosphere.  That  it  is  the  cause  of  light- 
ning is,  however,  universally  admitted  j  and  to  this  subject  the 
attention  of  the  reader  has  bees  directed  in  tiie  treatise  on  fileo- 
trieity. 

77.  Perhaps  there  are  no  atmospheric  phenomena  moie  singn* 
lar  or  problemetical  than  the  descent  of  aerolites,  or  meteorites, 
as  thoy  have  been  termed.  The  fact  of  their  fall  was  long  doubted, 
but  at  present  seems  to  be  indisputably  ascertained.  They  all  - 
consist  chiefly  of  magnetic  iron,  having  a  remarkable  analogy  of 
composition.  Their  origin  is  quite  uncertain  ;  and  the  different 
explanations  of  their  appearance  tiiat  have  been  attempted,  are, 
perhaps,  equally  improbable.  Some  suppose  them  to  have  been 
formed  in  the  air,  an  hypothesis  wliich  D'Aabuisson  rejects  as 
untenable  $  otiiers  consider  them  as  the  products  of  Tolcanoes  in 
the  moon,  projected  into  our  atmosphere  ;  and,  according  to 
Chladni,  they  are  fra<rinents  of  planets  which  have  burst  in  pieces 
amid  the  etherial  space. 

What  it  the  composition  of  aerolites  or  meteorites  ? 
What  hypothete«  have  been  formed  rwpecting  them  f 

'  *  This  stipposition  seems,  however,  at  variance  with  the  generally  re- 
eeived  opinion,  that  water  is  but  slightly,  if  at  all,  pervioos  to  mdiated 
heat^JSn.  mf 
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IVorka  an  Meteoniqgy* 

80  many  of  the  subjects  connected  with  this  department  of 
science  are  still  in  an  imperfect  state,  tliat  no  work  which  has 
hiiberto  fallen  under  our  obeemtioii  cflm  be  eonaidered  as  abao- 
Intely  ftee  from  emr*  Many  detached  memoiia  and  tieatiaes  of 
great  ^ne  ave  extant,  and  we  will  present  to  the  oonsideTation 
of  the  reader  such  as  appear  likely  to  proye  most  satia^M^tMy 
h  is  understood  that  the  oentlpman  whose  views  of  the  fanses  of 
rain,  hail,  tornadoes,  and  water-spouts  we  have  presented  in  a 
preceding  page,  is  preparing  for  the  press  a  work  on  his  favourite 
department  of  study,  in  which  those  views  will  be  carried  out 
and  applied  to  numerous  phenomena  coiuiected  with  atmospheric 
chaagas. 

DuieU'a  Meteoiologieal  Essays  and  Ohservations* 
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PINNOCICS  ENGLAND. 
rmm  American,  from  tiic  tw  enty-third  London 

EDITION. 

PINNOCK'S  IMPROVKD  EDITION  OF  DR.  GOLD- 
SiMlTH'S  HISTOUY  OK  ENGLAND,  from  the  Inva- 
sion of  Julias  Caesar  to  the  death  of  George  II.,  with  a 
coBtinaation  to  the  year  1832 :  with  Questions  for  eza*- 

mination  at  the  end  of  each  section ;  besides  a  variety  of 
valuable  information  added  throughout  the  work,  consist- 
ing of  Tables  of  Contemporary  Sovereigns  and  Eminent 
Persons,  copious  Explanatory  Notes,  Kemarks  on  the 
Politics,  Manners,  and  Literature  of  the  Age,  and  an  Out- 
line of  the  Constitution.  Illustrated  with  Thirty  En- 
gravings on  Wood.  Third  American,  corrected  and  re- 
vised fiom  the  Twenty-third  English  Edition. 

RECOMMENDATIONS. 

Memrs.  Kkt  a  Biddlb»  Philadelphia,  Oct.  20^  1891. 

Gentlemen — Bo  pleased  to  accept  my  thanks  for  the  favour  you 
have  done  mo  in  seuding  a  copy  of  your  neat  and  attractive  edition  of 
Pinnuck'd  Goldsmith's  England.  It  appears  to  me  to  have  been  seda- 
loiuly  prepared  fi>r  the  purpose  which  it  professcfi  to  subserve — that 
of  a  convenient  manual  for  schools  and  aradernics.  By  the  questions 
and  tabular  vieww  at  the  ends  of  the  several  chapters,  the  scholar  will 
bs  ahle  to  test  hk  own  aoi|uintiooi,and  to  embrace  at  a  glance  an  fm» 
portant  eollectiun  of  f-icts,  in  regard  to  the  history  nnd  biography  of  the 
period  of  which  ho  h  in  boon  reading.  These  land-marks  for  the  me- 
mory serve  to  raise  a  hi^t  of  reminiscences,  all  interesting  to  the  dili- 
gent and  inquiring  student— With  my  wishes  for  the  success  of  tlie 
work,  accept  the  assaraneee  of  the  high  respect  with  ii^iich  I  sul> 
BCiibe  myself  Your  obedient  servant, 

WALTER  R.  JOHWSON, 
BrqfU9or  of  Mechanics  and  Naturai  f»fll<SJp% 
in  lAs  FYonkUn  ImtUute. 
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Km  &  JONES^  A.  M.  Principal  of  the  CtastM  ami  mkitmHeti 

InttiiiUe,  Philadelphia. 

I  have  attentively  rxamined  Pinnock's  improved  etJition  of  Dr 
Ooldtmith's  History  ut  England,  published  by  MetMn.  Key  &  BiddlOi 
of  thk  city,  and  am  imprewod  with  ito  eicelience.  I  have  no  heaila- 
liou  in  eiprannc  ray  full  apiirobatkia  of  the  work,  with  my  belief  that 
H  fvill  vmiTe  a libeial  patimge  fiom  an  enlightened  community. 

1]/A  Mo:  1834. 

1  coDuder  Pinnock't  edition  (rf*  Goldsmith's  lliBtory  ot  England  as 
Hm  bait  edition  of  that  work  which  has  yet  been  piiblithed  ibr  the 

use  of  Bchools,  The  tables  of  rontcmi^wrary  sovereigns  and  eminent 
persons,  at  tlie  end  of  each  chapter,  atiord  the  means  of  many  useful 
reamrkii  and  com  prisons  with  the  liistory  of  other  nations.  With 
these  viewa,  I  eheerfuUy  recooimend  it  at  a  Ixxjk  well  adapted  to 
tdiool  purposes  JOHM  M  &EAGY. 

Friend**  Academy^  PliiUnielphla. 

We  fully  concur  m  the  opinion  as  oxpressod  nlxive, 
SETH  SMITH, 


J.  H.  BLACK, 
THOS.  (  OM.INS, 
JAME8  (  ROW  i:iXj 
J.  a  WALKER, 
8.  C.  WALKER, 
T.  H.  W  ILSON, 
J.  MADEIRA, 
WM.  MANN, 
W.  MARRIOTT, 
C.  B.  TREGO, 
URIAH  KITCHEN, 
THO.S.  EIS8TACE, 
JOHN  HASLAM, 
W.  CarRKAN, 

J.  stockdalb; 

a  H.  RBBVB& 

J  HAYMAR, 

W.  B  ROSE, 

CIIA8  MEAD, 

BEN  J.  MAYO, 

Rev.  8.  M.  GAYLEY,  Wii- 

inington,  DeL 
E.  FOUSE, 
J.  B.  SLACK, 
JOBEPH  R.  EASTBDRN. 
A.  STEVENSON, 

1834. 


WM  A  (iARmOUE^ 

M.  80liLI<; 
Rsv.  CHA.S.  HENRY  ALDEN, 

john  eu.stace, 
benj.  c.  tucker, 

HUGH  iMORROW, 

WM.  McNAlN. 

E.  H.  HUBBARD, 

R.  LAKE, 

JOHN  VVEIiOL 

JOHN  OKI), 

saml.  CLJ  NDEHIN. 

D.  R.  ASHTON, 

J.  O'CONOR,  8ec'y  to  the  Phila. 
Assoriation  of  Ti'iichcrs. 

JOBEi'H  WARREN, 

THOMAS  CONRAD, 

THOS  McADAM, 

Kev.  SA.ML  W.  CRAWFORD, 
A.  M.  Principal  of  Acadl.  LVpL 
of  liniv<?rFitv  of  PennsylTMua. 

M.  HIIRLIH'T, 

R.  W.  CIISHMAN, 

AUGUiSTlNE  LUDlNQTONi 

JOHN  ERIfAROT. 

OLIVER  A  SHAW, 

A.  D.  CLEVELAND. 


BtMrnore,  Dec 
Wt  fidly  concur  in  the  opinion  above  expressed. 


BAML.  .lONES. 
O.  VV.  TKEADWELL, 
E.  BENNETT, 
E.  R.  HARNEY, 
BOBT.  O'NEILL, 
N.  8PELMAN, 
a  W.  ROiSZBLL. 
lAMUBL  HUOBEIX^ 
H.  O.  WATTS, 

C.  F.  BANSEMER, 

D.  E.  REESE, 
S.  A  CLARKE, 
JOUN  ir  JLNLEY  A.  U. 


WILLIAM  HAMILTOIL 

JOa?.  WALKER,  

JAMES  shaNIJBY, 
DAVID  RING, 
ROBT.  WALKER- 
D.  W.  B.  McCLia« 
8.  A,  DAVIS. 
JAa  p.  CPOtfLD, 
.lOSlI  11.  CLARKE, 
FRANCIS  WATERd, 
.lOHN  MAG  EE, 
MICUL.  FOWBB. 


LAN, 
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New  York,  Dec.  183^. 


We  luily  cuucur  in  the  opinion  above  cxprcuseci. 


Oentlemen—l  have  looked  (but  witliout  rfToct,  (111  now)  for  a  reading* 
boek  combining  at  once  interest,  chasteness  of  diction,  and  valuable  hiMo> 
flcal  intbrmation,  placed  In  so  eotictng  a  form  as  to  Induce  thm  student  to 

read  it  for  itself  mill  tlu-  firts  it  rnutains  My  lon^;  experience  has  taught 
that,  without  interest,  the  pupil  will  not  trouble  hluiself  to  understand; 
•no  witnout  understandinf,  'tis  in  vain  to  teach,  either  for  improvement  in 
the  science  of  reading  or  lor  information.  Iluppily,  teachers  have  in  Pin 
nock's  GuliUuiitl/a  Ilistury  of  Kngland  numerous  requisitesunknown  to 
die  best  of  ita  predecesaora.  Yoill%        I*  BCKNBlXb 

Philadelphia,  Nov.  1834. 


Oentlemen—l  have  been  much  pleased  by  the  perusal  of  *'  Pinnock's  im» 
jrroved  edition  of  Dr.  Goldsmith's  History  of  Enfriand."  I  think  it  fully  en« 
titled  to  the  appellation,  improved,  and  should  rejoice  to  see  It  placed  in  the 
hands  of  all  our  American  youth.  That  ymi,  gt  nilonHMi,  may  meet  with 
that  encouracenient  which  efforts  to  supply  the  wants  of  our  schools  meriL 


Review  <if  **  Pinnock*i  Goldsmith^ $  Englandi*  made  at  the  reauetl,  and 
for  ABMmqf  Ae  Lyceum  TVadwrt  tf  fte  a<y  of  PJIuMa^JKa^ 
6jf  J.  A  Bnm^  Prmeipid  ^  Cla$meaiAeaiemif,  tSt  Ckgrrjf  Hrmt, 

nilNOCK'S  IMPROVED  EDITION  OF  Dr  GOLDSMITH'S  HISTORl 
OF  ENGLAND,  illustrated  by  thirty  Engravin&s  on  wood.  The  first 
Ameiiean,  corrected  and  revtoed  Drom  the  99d  Englisli  edHloii.  vn.  40. 

Philad.  Key  &  Diddle,  1834. 

Thbbi  is  no  history,  except  our  own,  which  is  of  so  much  interest  to  ne 
as  that  of  England ;  and  probably  no  history  of  England,  desiened  for  the 
use  of  schools y  has  been  .s^)  poimlar  as  r'lat  (jf  Dr.  Goldsmith.  And  yet 
Teachers  have  long  felt  the  want  of  some  work  that  sliould  remedy  many 
defects  which  are  found  hi  it.  Mr.  Pinnock  has  continned  the  Mslofy  to  the 
year  1H:?2,  with  the  addition  of  "quPHtions  for  examination,"  at  the  end  of 
each  section;  the  latter.  I  am  aware,  will  be  received  by  some  teachers  as 
of  doubtful  utility;  yet  the  judicious  teacher,  by  viewing  the  qneilloiil 
merely  as  hints  to  hiin.-n  if,  will  so  vary  them,  as  to  avoid  the  too  common 
error  of  neglecting  the  section  for  the  question.  A  more  important  addi* 
Hon  to  ihe  tablet  of  conlemponiy  loverelgiie  ead  enlnent  pennii%  villi 


Mbssrs.  Kbt  4c  DrooLB, 


We  AiUjr  coneor  In  the  fbove. 


WM.  ROBERTS, 
B.  N.  LEWIS. 

Nitvenibcr  21,  1834. 


tothedeidieV 
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eopiouH  pxplaiiatory  nnfos,  nn<\  remarks  citi  thr  jmlitlcs,  manners,  and  litem 
lure  of  (he  age.  Ho  far  an  ilie  urii;in:i!  uorii  ul  Dr.  (*oldsiniih  is  pre8erTd<^ 
I  shall  not  presume  (u  spr^ak.  TIh>  notes  abovo  alliKiod  to  are  ^UftblS 
Additions  to  the  original  work;  and  iiapjiily  interspersed.  The  remarks 
on  politics,  manner?,  and  literature,  th  iiiirli  judiciously  made,  fall  short  In 
anK)unt  «if  \vti;U  many  would  cojisider  pr. .por  for  au  inleroslinii  a'lul  insf rue- 
tire  history  ;  yeL  as  this  part,  if  much  extended,  would  be  dull  and  spiritless 
lotho  youui;,  (for  whom  the  work  in  chiefly  intended,)  pc  rliaps  the  author 
has  pursued  tlte  Ix  st  course. 

The  style  ia  auiuiitod  and  clear,  aixinn  lin^  sufficiently  in  anecdote  to 
make  it  iuleresitins  to  tlie  young,  and  umy  lif.  considered  ulO  lIMNit interest* 
inf  hielarv  of  £n<ilaii<i  ( for  the  use  of  scluiok)  extant. 

(Higncd;  J.  H.  BROWN, 

Princtpsl  of  Aoutemy,  62  Obeii7>st 


GUY  ON  ASTRONOMY, 

AND  KEITH  ON  THE  GLOBES, 

THIRTEENm  EDITION. 

GUY'S  ELEMENTS  OF  ASTRONOMY,  AND  AN 
ABRIDGEMENT  OF  KEITH'S  NEW  TREATISE 
ON  THE  GLOBES.  Thirteenth  Americaa  edition,  with 
additions  and  improTementa,  and  an  explanation  of  the 
AfltionoBiical  part  of  the  American  Almanac.  Illiistialed 
with  eighteen  platesi  dnwn  and  engntTod  on  ateel,  in  the 
beet  manner. 

RECOMMENDATIONS. 

A  volurao  containing  Guy's  popular  trofitino  of  Ai^tronom^and  Keith 
on  the  Giubes,  having  been  submitted  tu  its  iar  examiimtion,  and  care- 
Ihlly  entimned,  we  can  without  any  hesitation  Tecommend  it  to  the 
notice  nml  patronage  of  paroiits  and  tcnchora.  The  work  on  astronomy 
is  clear,  iiitolligiblo,  find  suited  to  tiio  cornprolionsion  of  yonntr  ])er- 
■ons.  it  cunipriboH  a  great  amount  of  information,  and  in  well  iliubtnited 
with  iteel  enc^ravings  Keith  on  the  Globes  has  long  been  reoo^^nised 
ai  a  standard  si  lioov-book.  The  present  edition,  comprised  m  the 
same  volume  with  the  Astronomy,  is  improved  by  the  omission  of 
ranch  extraneous  matter,  and  the  reduction  of  size  and  price.  On  the 
w'hole^  we  Jdmiw  of  no  schooi  ixKik  vvhirh  comprises  so  much  in  n 
htt&e  space  as  the  new  edition  of  Ouy  and  Keith. 

TIIOS.  EUSTACE,  W.  B.  ROSE, 

JOHN  IIASLAM,  CHAS.  MEAD, 

W.  CITRKAN,  «EN.I,  MAYO, 

SAML.  CI.ENDENIN,  HUGH  MORIlOW, 

8.  H.  Ri:r:vR.s,  j.  h.  black, 

JOUN  STOCKDALE,        8.  G.  WALK£R| 


J.  n.  WALKER, 

J.  E.  SLACK, 

JOSEPH  R.  EASTBURN, 

WM.  McNAiN, 

H.  O.  WATXa 

J.  0*CONOR,  Secretarj  to 

tlie  Phila.  AModatioa  of 

Teacheri. 
B.  N.  LEWIS. 
Rev.  CHAS.  H.  ALDSN, 
MENJ.  C.  TUCKER. 

J.  n  uiiowN, 

JOHN  ORD, 
BETH  SMITH, 
WM.  ROBERTS, 
T.  H.  WILSON. 
JOSEPH  WARJRSN, 


THOS.  COLLOOL 
WM.  MANN, 
RIAL  LAKE, 
W.  MARRIOTT,* 
C.  B.  TREGO, 
JOHN  ERHARDT. 
R.  W.  CU3HMAN, 

THOS.  MoADAiL_ 

Bar.  BAML.  wTCRAWFOII^ 

Principal  orAcadl.  Dept  of  tlM 
Univ.- 1  sit 7  of  Pennsylvania. 
()   A  SHAW, 

AlKaisTiNE  LUDlNQTOIf 

M.  SOULE, 

WM.  A.  UARR!OnE& 

M.  L.  UU&LBUT. 


Baltimore,  Drr.  1S34. 
We  fully  concur  in  the  opinion  above  expressed. 


E.  BENNETT, 

C.  F.  BANSEMAR, 
E.  K  HARNEV, 
ROBT.  O'NEILL. 
N.  SPEtMAN, 

8.  W.  ROSZELI^ 
SAMUEL  lIDBBFJJi^ 

D.  K.  REESE, 
S  A  CLARKE, 
J08.  WALKER, 

O.  W.  TREAD  WELL 
R«v.  S.  M.  GAYLBY,  WU- 
miugtun,  DeL 


JAMES  SHANLEY, 
DAVm  RING, 
BOBT.  WALKER. 
D.  W.  B.  McCLELAN. 
8.  A.  DAVIS, 
JAS.  F.  GOULD, 
JOS.  H.  CLARKE,  A.  H 
FRANCIS  WATBRflL 
JOHN  MAG  EE, 
MICUL.  POWER, 

c.  P.  clbvelaJtdi 


Waibraham,  Oct  27, 1834. 

We  have  used  Guy's  Astronomy,  and  Keith  on  the  Globes,  as  a 
text-book,  during  the  past  year ;  it  is  in  all  respacia  auch  an  one  as  waa 
wanted,  and  we  have  no  oiapositkiii  to  ezchanga  it  Ibr  any  olhar  widi 
which  we  are  acqtiaintad. 

WM.  G.  MITCHELL* 
Lecturer  on  the  Natural  Sciences  and  AUrmimny, 
in  Wttt/^anAeadtMpt  Mom, 

New  York,  Dee,  18M. 
Wa  ftilly  ooocnr  in  tiw  opinion  above  eipnnad. 


BERNARD  THORNTON, 

HORACE  COVBLU 
P.  PERRINE. 
J.  B.  KIDDER, 
fiOI  OMON  JENNER, 
JOsiEPH  M'KEEN, 
C.  CAR'I  KR, 

LEONARD  HAZELTINE, 
JOSEPH  CHAMBERLAIN, 
W.  R.  ADDINGTON, 
HENRY  BWOBDSk 
i.  M.  ELY, 

At 


w.  M.  aoMERmus; 

NORTON  THAYER. 
THOMAS  Gn.DERSLlEVK 
MEIJ^NCTHON  HOYT, 
THOMAS  V  I  OWLBB- 
.lOSEPH  UAlI.E, 
BAMI  i;L  GARDNER, 
WILUAM  FORREST. 
C.  W.  NICHOLS, 
THOMAS  M'KEBL 
ADN.  iiEOEMAl«L 
O.  TAUL 


j  by  Google 


CO] 

BRIDGE'S  ALGEBRA. 

A  TREATISE  ON  THE   ELEMENTS  OF  ALGE 
BRA.   By  Rev.  13.  Bridge,  D.D.  F.H.8.,  Fellow  of  St, 
Peter's  College,  Cambridcre,  and  late  Professor  of  Ma 
thematlcs  in  the  East  India  College,  Herts.  Kevised  and 
corrected  from  the  eighth  London  edition. 

RECOMxMENDATIONS. 

In  this  work  the  hitherto  nbstrart  nnd  di/Tlctilt  science  of  Algebra  is 
#imphiied  and  illustmted  so  as  to  be  attainable  by  the  younger  cIobb  of 
hm&m  and  by  those  who  have  not  the  aid  of «  teacher.  It  is  al* 
ready  introduced  into  the  University  of  Pennsylvania,  at  F1illadel> 
phia;  and  the  Weslem  University  at  Pittsburg.  It  is  also  the  text- 
book ol  Gummere'i  School  at  Burlington,  and  Friendi'  College  at 
Havaiibfd,  and  of  a  great  munber  of  the  beat  ichoola  throoghoitt  tha 
Unilad  Sliiiaa.  It  ti  aquaily  adapted  to  commoD  ichoola  and  oollegei, 

Philadelphia,  March  71k,  1838. 
Bridgets  Algebra  is  the  text-book  in  the  school  under  my  care;  and 
I  am  better  pleased  with  it  than  with  any  which  i  have  heretoibre 
wad.  T6e  author  it  very  dear  in  his  explanatione,  and  systematic  in 
his  arrangement,  and  has  raeoaedcd  in  rendering  a  ooin|iaiatiTely  ab- 
struRc  branch  of  science  an  ^^reeable  and  interesting  exercise  both  to 
pupil  and  teacher.  JOIiN  FAOST. 

We  fully  c<mcur  in  the  opinion  above  exprrs-ped. 

CHAS.  HENRY  ALDEN,      JOSEPH  WARREN, 
J.  O'CONOR,  Becretary  to     SAML.  CI^NDENIN, 
the  Phila.  Association  of    &  U.  REfiVEiaL 

Teachers. 

University  of  Vennsylvaniot  March  30, 1833. 
ItaTLimN— In  complianGe  with  your  request  that  I  would  give 
von  my  opinion  respecting  your  edition  of  Bridge's  Algebra,  I  beg 
leave  to  sav,  that  tho  work  appears  to  bo  well  adapted  to  the  instruc- 
tion of  students.  The  arrangement  of  the  several  parts  of  the  acienoe 
b  jndicionit  and  tho  eiamples  are  numerous  and  well  saleeted. 

Touia,  leapectfttUy.  RQBBRT  ADRAIN. 

We  fully  oonenr  in  the  opinion  of  Biidge'a  Algehm  as  axprowad  bf 
Dr.  Adiain. 

J.  HAYMER,  B.  N.  LEWIS, 

IIVV.W  MOUROW,  JOHN  STOCKDAIBL 

•  WM   M  XAIN,  W.  B.  ROSE, 

OLiVKK  A.  SHAW,  BENJ.  MAYO, 

SETH  SMITH,  J.  If  HLACK, 

&AML.  E.  JONEfi^  THOS.  MoADAlL 

JNO.  M.  KEAOT,  Rbv.  flAML.  wTtRAWFORD. 
THOMAS  CONRAD,  Principal  of  Aradl.  Dept.  of  the 

THOS.  COLLINS,  University  of  I'cnusyivaoia. 

J  E  HI.A<  K,  JOHN  ERHARDT, 

C.  B.  TRE«0,  R.  W.  CUSHMAN, 

J.  B.  WALKER,  Rhv.  8.  M.  GAYLEY.  WHming. 
JOHN  HASLAM,  tODiDeL 
W.  CURRAN, 
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BalUmon,  Dee.  1834. 
We  fully  concur  in  the  oiHDioa  above  expressed. 

E.  iu;\,m:ix  o.  vv.  treadweu, 

E.  H.  IIAHM:V,  JOS.  WAI.KKR, 

ROBT.  OXSmU^  DAVID  KLNQ. 

^  V.  8PBLMAN,  ROBT.  WAIJCER, 

^  .         S.  W.  ROS/.F.IJ,,  I)  W.  McCLELSf, 

SAMUKI.  Ill  lUJELXu  »S.  A.  DAVIS, 

H.  O.  \V ATI'S,  JOS.  H.  CLARKE,  K,U, 

C.  V.  liANSE.MER,  FRAN(  TS  WATERS^ 

D.  K  REESE,  JOHN  MAG  EE, 
a.  A.  CLARKEi  MICHL.  POWER. 

Messrs.  Kky  &  Bi  ddlv,  ^  November  S8»  1834. 

Genlltnum — I  have  hco.n  liighly  gratifird  hy  nn  c\arninalion  of 
"Bridge's  Algebra,"  juibhwhed  by  you;  and  think  it  well  entitled  to 
general  introduction  iii  our  schools.  I  shall  give  it  a  preference  in  my 
ftcademy  toany  work  1  have  seen.  tiespectiully,  vourt^, 

J.  H.  iiiiOVVN, 
Principal  of  an  English  and  Mai htmaticai  Academy ^ 
No.     Cherry 'Streett  PhitadelphUk 

Nfw  Yorl.  !)'<■  l^ni. 

We  iuliy  concur  in  ihc  opinion  above  expressed. 

P.  PEURINE,  NORTON  THAYER,  . 

J.  n.  KIIJDER,  TEOMAS  GII.DERSLIEVBL 

SOLOMON  JENNER,  MELANCTUON  UOYT, 
JOif^EPH  M<KEEN,  THOBfAS  V.  FOWLKR, 

C.  CARTER,  JOSEPH  BAIT.E, 

LEONARD  irAZFLTTNE,   HAMIFEL  CVUDNER, 
W.  R.  ADDLNfJTON,  C.  W.  NK'IIULS, 

HENRY  SWORDS,  TUOMAS  M'KEJS. 

W.  M.  SOMEIIVILLE, 


TO  TEACHERS  OP  FRENCH. 

L'ABEILLE  POUR  LES  ENFANS,  ou  Lecons  Fran- 
^aises,  lere  Partie ;  a  Pusage  des  ecoles. 

Several  comptlntions  of  short  and  interesting  French  tales  have  been  lately 

cfTi  rnl  t(»  (he  public.  In  all  of  ihcm,  however,  e.\"pros.si<iiis  aro  f(Mina, 
which,  altliough  familiar  to  the  ear  of  a  Frenchiuan,  offeiul  that  of  a  care- 
fully cthicaled  American  child.  It  is  true  that  the  Frencli  do  uot  consider 
"Mon  I>u:u!"  swearinjj  J  with  them,  it  is  equivalent  to  "Gracious!"  or 
•'O.h,  di  ar!"  but  it  is  certainly  dci^irable  that  the  eye  and  the  ear  of  the 
pupilt)  of  schbols  in  this  country  should  not  become  ai'cu.siomcd  to  such  ex- 
presaioas.  They  have  thcrctbre  been  carefully  excluded  from  this  little 
work,  as  well  as  every  tiling  of  an  unchristian  tendency.  It  is  designed  for 
the  first  reading  book.  The  style  is*  simple,  the  sent*  nets  short,  and  con- 
tainins  few  idiom^  inversions,  or  diflicuUiea.  At  the  end  of  each  page  ia  a 
tranaution  of  the  idiomatic  expressions  it  conluns,  and  of  the  words  used 
Ib  aa  acceplattoA  not  given  in  the  dictionary* 


IN  PRESS, 

TJie  following  neio  and  valnahh  irnrf.s  for  Schools  and  Academics. 
PINNOCK'S  IMI'ROVED  KDITION  OF  DR.  GOLDSMITirS 
HISTORY  OF  Giibli«X^£,  reviifed  corructod  and  very  cooudefably 
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tnlarged,  by  the  addition  of  several  new  chapters  and  numerous  use* 
fal  notes,  with  questioi»  for  examination,  at  the  end  of  each  section 
fievised  from  the  twelith  JLondoQ  edition,  with  thirty  engravings,  by 
Athsrloii. 

PliXNOCK'S  IMPROVED  EDITION  OF  DR.  GOLDSMITH'S 
UISI'ORY  OF  ROME,  to  which  is  prefixed  an  Introduct  on  fe  the 
atudy  of  Roman  history,  and  a  great  variety  of  information  throughout 
the  work,  on  the  Manners,  InHtituiion«,  and  Antiquities  of  the  Romans, 
wMl  oueetions  for  examination,  at  the  end  of  each  section*  Reviwd 
fgtm  the  twelfth  London  edition,  with  additifxil  and  impiOveiMiilib 
witll  thirty  engravings,  by  Atherton. 

HISTORY  OF  THE  UWITED  STATES.  K.  &  a  have  in  prepft- 
ntkm  each  «  Hialorr  of  the  United  Stetw  at  haa  been  long  and 
loudly  called  for  by  Teachers  and  Parents.  It  will  be  written  by  a 
gentleman  very  favourably  known  as  nn  historian,  who  is  emmently 
capable  of  making  a  book  that  wlU,  in  every  rebuect,  satisfy  the  wants 
of  the  Dublic  The  atvle  of  getting  up  will  be  the  tame  aa  Pin- 
no<'k's  (ioldsrnith's  England,  which,  the  publishers  are  happy  to  iay» 
has  met  wHh  liie  decided  approbation  of  Teachers  and  Parents. 

SACRED  HISTORY  OF  THE  DELUGE,  illustrated  and  cor- 
roborated  by  evidences  derived  from  traiiition,  mythology',  and  ge- 
ology; adapted  to  ooiUMaoi  Scripti>:e  Study,  in  colleges  and  higher 
■eminririrs,  and  to  general  use,  by  Francis  Fellowes,  A.  M.,  with  an 
Introductory  Essay  on  the  Study  of  the  Scriptures  as  a  part  of  hberal 
•dnoalMML  By  tha  Rev.  Chauncey  Colton,  A.  M.,  Pnaidont  of  Britlol 
GaUogv* 

A  FAMILIAR  INTRODUCTION  TO  THE  PRINCIPLES  OF 
NATURAL  PHILOSOPHY,  adapted  to  the  use  of  schools.  Part  1 
comprising  Mechanics,  Hydraulics,  Hydrostatics,  Pneumatics,  Acous 
tics,  PyrnioniioB,  Oplioi,  Electricity,  Galvanisin,  MagnoUam.  With 
notes,  references,  questions  for  examination,  nnd  a  copious  index,  by 
Walter  R.  Johnson,  Professor  of  Mechanics  and  Natural  Philosophy  in 
the  Franklin  Institute  of  the  State  of  Pennsylvania. 

A  FAMIUAR  INTRODUCTION  TO  THE  PRINCfPLES  OF 

NATURAL  PHILOSOPHY,  adapted  to  the  use  of  schools.  Part  2, 
comprising  Chemistry,  Metnllurpry,  Mineralogy-,  Chnstallography,  Ge- 
ology, Oryctollogy,  and  Meteorology.  Witti  notes,  references,  que»* 
tioaa  Ibr  eiamination,  and  a  copious  index,  by  Walter  R.  Johnson, 
Professor  of  Mechanics  and  Natural  Philoiopliy  m  the  FianlUill  In- 
stitute of  the  State  of  Pennsylvania. 

MANUAL  OF  CLASSICAL  LITERATURE,  from  the  German 
of  John  J.  E»chenburg.  With  additions,  by  Professor  Fiske  of  Am- 
herst College.  The  work  oompriaes  four  parts : — 1.  The  Archaeology 
of  Greek  and  Roman  Literature  and  Art.  2.  The  Greek  and  Roman 
Classic  Authors.  3.  The  Greek  and  Roman  Mythology.  4.  The  Greek 
and  Roman  AntiQiiitiaat 

AN  ETVMOLOGICAL  DICTIONARY  OF  THE  ENGIiSH 

LANGUAGE,  on  a  plan  entirely  new,  by  John  Onvald.  Revised  and 
improved,  and  especially  adapted  to  the  purpose  of  teaching  EogUlil 
Composition  in  schools  and  academies,  by  J.  M.  Keagy. 


THE  SCIENTIFIC  CLASS-BOOK 

THE  SCIENTIFIC  CLASS-BOOK  ;  OR,  A  FAMILIAR  IN- 
TRODUCTION  TO  THE  PRINCIPLES  OF  PHYSICAL 
SCIENCE,  for  the  use  of  Schools  and  Academies^  on  the  bnsia 
of  Mr.  J.  M.  Moflat.  Part  I.  Comprising  Mechanics,  Hydrosta- 
tics, Hydraulics,  Pneumatics,  Acoustics,  Pyronomics,  Optics, 
Electricity,  Guivunism,  Magnetism.  With  Emendations,  Notes, 
Qaestioiw  for  Examination,  Liat  of  Wonka  for  Raforanoe,  aooM 
additional  Illustrations,  and  an  Index.  By  Walter  R.  Johnaoiiy 
A.M.,  Professor  of  Mechanics  and  Natural  Philosophy  in  the 
Franklin  Institute  of  the  State  of  Pennsylvania,  Member  of 
the  Academy  of  Natural  Sciences  of  Philadelphia,  one  of  the 
Vice-Presidents  of  the  American  Institute  of  Instruction. 

BCbssrs.  Kbt  &.  BiDDLB, —  '    -    '  PhUadejphiOj  June  22, 1835. 

I  have  carefully  examined  your  "  Scientific  Class-ECook,  Part  I**  and  find 
It  what  has  for  some  time  been  much  wanted  in  our  academies  and  high 
ackkoola.  The  emendations,  notes,  and  additional  illustrations,  are  important 
and  wluit  miglit  be  expected  from  one  so  perfectly  at  home,  bo0i  tlieora- 
tlcally  and  practically,  in  the  range  of  Natural  Philosophy,  as  Mr.  Johnson 
li  extensively  known  to  be.  The  list  of  works  for  reference  will  be  appre- 
dated  by  intelligent  teachers.  I  have  introduced  it  as  a  T0Zt>Bool^  Sad 
eonuneDd  it  coroiaUy  to  the  notice  and  ejmminatlon  of  others. 

CHARLES  HENRY  ALDEN,  ' 

IftdO^aooairlntiieaboTe*  BAUUBL  JONB& 

Philadelphia,  June  91^  1835. 
I  fully  concur  with  Messrs.  Frost,  Kea^y,  and  Jones,  in  their  opinion  of 
Mr.  Johnson's  work  on  Natural  Philosophy,  and  shall  immediately  adopt  the 
book  as  tin-  best  I  know  of  for  ttse  in  myowk  and  other  schools,  m  this  ci^, 
in  which  1  give  instruction.  OLIVER  A.  SHAW. 

We  have  examined  Mr.  Johnson's  Scientific  Class-Boole  and  are  so  well 
aatfsfied  with  Its  merits^  that  we  eball  adoptit  as  a  claa»Dook  on  Nstmal 
Philosophy  in  oar  school*  B.  G.  &  J*  B.  WALKEE. 

Mbssrs.  Key  &  Riddle, —  Philadelphia,  June  26,  183o. 

A  careful  examination  of  the  treatise  on  Mechanical  Philosophy,  entitled 
"The  Bcientific  Class-Book,  Fart  I.*'  has  satisfied  me,  that  It  w  by  fiu*  the 

most  complete  class-book,  on  tbaf  siibjpcf,  which  has  yet  fallon  under  my 
notice.  The  additions  made  by  I'roiessor  Johnson,  particularly  the  bibli- 
ofpraphical  notes,  are  not  less  creditable  to  his  learning  and  sound  judgment, 
than  conducive  to  the  uiilily  of  the  work  lor  the  ptirposes  of  instnirtion. 
The  volume  may  be  safely  recommended  &a  a  standard  class-book  for 
schools  and  private  students.  JOHN  FROST. 

IfaSSRS.  KST  Sc  BIDDT.E, 

Gentlemen It  is  with  mncli  ploajjurc  that  I  have  examined  "The  Sci- 
entific Class-Hook,"  on  the  baiiis  of  J.  M.  Moffat,  Esq.,  by  Walter  R.  John- 
B  ii,  A  M.  It  is  such  a  work  as  the  advancing  stale  of  education  in  this 
fountry  particularly  demands  at  the  present  time.  1  hope  its  use  may 
laeoBia  f eneraL 

With  reganit  jwn,  J.  H.  BROWN* 
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 KbT  &  HiDDLB, 

Chniletfun  —I  have  to  tbank  7011  for  a  copy  of  the  Scientific  Class-Book^ 

prepared  by  Professor  Johnson,  from  the  work  of  Mofbt.  1  have  hoen  so 
nitercsteil  In  the  perusal  of  it,  that  I  feel  almost  incapacitated  to  sp*  ak  criti- 
ca/^y  ol  iis  rh:ir.irt(^r  :  ami  yut  tliis  hid  r^'^•I.  iM  iiiaii.s,  may  si)calc  ils  lushest 
pnma.  The  exhibition  of  truU^  in  such  a  maimer  aa  to  ailure  and  reward 
•tlentlofi  wtth  delight,  ereo  wherff  the  charm  of  novelty  l«  wantlnf,  ki  cer- 
tainly a  n\ro  merit  in  an  elementary  treatise  on  the  Natural  Sciences.  Tlio 
Scientific  Clas«>Book,  however,  is  very  tiir  from  being  mattti  up  of  stale 
ettefOflee.  It  embraces  a  surprising  amount  of  information  respecting  the 
most  recent  i!i«'coveries — information  which  will  not  be  found  in  any  other 
single  worlt  whatever.  I  would  cordially  recommend  it  as  a  l)oolc  adujirably 
adapted,  by  its  fulness  and  siinj)li<'ity,  by  its  happy  coini»ination  of  scientific 

accuracy,  with  a  charming  narrative  sort  of  eaae,  at  once  to  awaken  the 
lore  of  knowledf^MMl  to  impart  ft  RwlII  prove  a  moat  valuable  work  to 
oar  higher  ■phooliaBd  academies,  and  to  ibe  teachers  of  all  uiherR 

Youn^  tnUy,  R.  W.  CUSHMaN. 

Mssaoa.  Kmy  it  BaaaJi,  6(A  Month  2S3d,  183& 

Oen/Cemen:— 4  have  enmhieil  flie  flret  part  of  the  Belentlfie  Chwe-Book 

iust  pub!ish.  (!  by  you,  and  cheerfully  c  vpross  my  opinion,  that,  for  accnnw^ 
and  compreiiensivcncss,  tiiis  work  contains  a  syatem  of  principles  and  iUoa* 
CratloDB  on  the  subject  on  which  it  treats,  supcoiw  lo  any  book  of  the  Mma 
ai/.e  and  price  intended  for  the  use  of  schools. 

Aa  tills  volume  is  the  first  of  a  series  on  the  Mechanical  and  Physical 
Sciences,  the  public  may  confidently  ejq>eet  that  the  successive  parts,  when 
completed,  will  constitute  a  consistent  set  of  tieatiaea  oeculiarly  adapted  to 
the  pre^nt  wants  of  places  of  education.  JOHN  M.  KKAflYa 

We  eheerfttQy  eonour  In  optafcMi  with  titte  abate  rt 


J08.  P.  ENGLE3, 
HUGH  MORROW. 
WIL  A.  OARRfiEnnflflL 

M.  SOITLE, 
JACOB  PEIRCE. 
liHNj'N  (;  TOOKBiU 
T.  G.  pon>?, 

WM.  CURKaN, 
p.  IIICKM^LI,, 
D.  R.  ASIITON. 
EL.  FOUSE, 
C.  FELTT, 
THUS.  HALDWTN, 
JOHN  ST()("K1)ALB| 
tTRIAH  KITCHEN, 

THOS.  H.  WIL.SOM,  . 

8IIEPHERD  A.  RfUSmL 
£.  U.  IIUBBARB. 
WILLIAM  McNAIR, 
JAMES  CROWBUL 
J.  O'CONNOR, 


WILLIAM  MABBiorr* 

ElAL  LAKE, 
BBNJ.  MAYO, 

JAMES  P  ESPY, 

Rkv.  8AML.  W.  CRAWFORD, 
Principal  of  the  Acadl.  DepU 
University  of  Pcnnflgrltanla» 

THOS.  M.  ADAM, 

CHARLES  MEAD, 

JAa.£.  SLACK, 

L.  W.  BDRNBT, 

WM.  MANN,  A.  M. 

CHAS.  B.  TREGO, 

WM  ROBERTS, 

THOS  (•OLMN?«, 

8AML.  CLF.NDEMN, 

AUGUSTINE  l.lIDlNGfOK 

JNO.  D.  GRISCOM, 

N.  DODGE, 

JOHN  HAHLAH 


Having  examined  the  First  Part  of  Ihe  Scientific  Clas.^  Bfjok,  we  fedjoti 
fified  in  concurringin  the  above  iavourabie  recotnrucndatiotia. 


EDW.  D.  KARRY, 
J.  M.  ELY, 
JOSEPH  McKEEN, 
JONATriAN'  B.  KIDDER, 
PATRICK  8.  OASSADY,  ' 
WM.  R.  ADDINCTON, 
RI  EI'S  I.Of^KWOOI), 
NOllTON  THAYER, 

johnoaklby; 


DAVID  SCHUPER, 

F.  A.  STREETER, 
CHARLES  W.  NICHOLS. 
THOMAS  McKE^ 

G,  L  HOPPER, 
J.  B.  PECK, 

S.  JENNER. 
RICHARD  j.  BBOm 


["1 

ChenUgirp,  U^peniiif  ^  Pmmtiftwmim, 

MbSSBS.  KKY  &,  BiDDLB,— 

Oentlemen: — 1  have  examined,  with  much  pleasure,  the  first  part  of  tl)e 
<*8etSDtMe  CUws-Book.**  The  additions  of  the  Ajnericaa  editor  appear  to 

me  to  have  well  adapted  the  bonk  for  use  in  schools  and  academies. 
Its  utility  to  the  general  reader  hat}  no  doubt  been  increased  by  the  same 
labours.  Very  retneetliilly,  jmutt 

Stptember  16,  1835.  A.  D.  BACHE. 

From  S.  Jones,  A.M.,  Prindpal  of  Mathematical  and  Classical  Institute. 

I  regard  "  Qujf 's  RlemenU  of  Astronomy,"  and  "  Keith  on  the  Globes," 
M  the  beet  book  of  the  kind  which  1  hsire  eamined,  sad  feel  n  eonlideneA 

that  the  nrice  of  the  work,  the  beautiful  and  appropriate  illustrations,  and 
the  bandsotiio  and  correct  manner  in  which  the  treatises  have  been  exe* 
emed  by  the  publlshen  and  editor,  as  well  u  tlifrir  intrfiuic  meitt,  ifflt 

eommend  tticni  to  every  parent  and  teacher* 

Philadelphia,  July  21,  1835.  8.  JONES. 

We  cordially  concur  in  the  recommendation  of  Messrs.  Key  &,  BKidle's 
•atkm  of  Onj  end  Keldi. 

REV.  DAVID  R  AUSTIN,  A.M;, 
Principal  of  Monaon  Academy,  Monson,  Mass.,  ^S> ptemb€r2\,  1836. 

T.  L.  WRIGHT, 

Principal  of  East  Hartford  CUunMtrndEngUth  Seknot,  EaHBatHordf 

September  'Z\  1833. 

Ftom  Simeon  Hart,Jun.i  A.M.t/or  several  years  Principal  qf  Farming- 

lit^  AiotidMs^f  Offimifrtifuli 

Kaanm  Ksr  A,  Bibdlb,— 

I  have  examined,  with  considerable  attention,  "  Bridj^e's  Treatise  on  the 
Elements  of  Abrebra,"  and  am  so  favourably  impressed  with  its  excellence, 
that  I  have  ini  roduced  it  into  mj  echool  ss  one  of  the  t«it>boolu  to  be  oiea 
by  studenu  in  algebra. 

I  have  also  examined,  with  much  pleaaare,  **  the  BelentHle  Olaee*Book,  or 
a  familiar  Introduction  to  the  Principles:  of  Physical  Science,"  and  would 
say,  in  the  words  of  the  closing;  paraitraph  of  the  prefacoi,  **tliiit  whatever 
merit  may  be  claimed  for  other  treatises  on  the  same  department  s  in  sc  ience, 
this,  if  is  confidently  anticipated,  will  be  found  to  embrace  as  full  and  satis- 
ikctory  a  view  of  the  subjects  on  which  it  tn-ats,  as  any  siuiilar  compilation 
wliich  has  hitherto  been  de<Iicate(l  t^)  the  service  of  American  youth." 

An  examination  of  "  Guy's  Astronomy,"  and  "Keith  on  the  Globes,"  has 
resulted  In  the  oonvictlon,  that  tbey  may  be  Mfely  reemnoMiided  to  pareoti 
and  teachers  Mnoikswell  calcnlatod  to  intereit  and  inetavet  the  lateUI- 
geni  scholar.  • 

Pinnoelt's  improved  edition  of  Dr.  Goldsmith's  "  Abridgment  of  the  Hie> 
tory  of  Rome,"  and  his  improved  e'iirion  of  the  "  History  of  England,"  arc 
works  which  need  only  to  be  known  to  be  admired,  as  well  adapted  to  the 
wanie  of  aehoels  and  academies  in  this  cotnitiT. 

RcspectfuUy  yours,  SIMEON  HART,  Jux. 

Farming  I  on,  Conn.,  JSeptemberA,  1835. 

MSrom  Rev.  Dr.  Comeliua  D.  Vfeathrook.  Principal  qf  a  Female  ScAocI, 

Nem  Bnumwidk,  New  Jeneg. 

I  have  examined  Pinnoelt's  improved  edition  of  Dr.  Goldsmith's  "History 
of  England,"  by  Key  &  Biddle  of  Philadelphia,  and  I  do  most  cheerfullf 
recommend  It  to  teachers  of  schools  and  academies  as  the  be^l  arran«» 
ment  uf  that  very  pupwl  ir     honl  hook  1  taSf O eTOT I 

ATcio  Brunnoickf  August  1,  1833 
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I  moit  oordlalJy  Join  trith  Dr.  Westbrook  in  his  opinion  of  Plnnock's 


REV.  DAVID  R.  AUSTIN,  A.iL, 
Principal  of  Momon  Academy ^  Monson^  Mass.,  September  91  f  IflBBL 

/Vwn  2\  L.  Wright,  A.M.^  Priricipal  of  East  Hartford  Classical  and 

£ngtiah  SakooL 

1  very  cheerfully  concur  with  S.  Jones,  A  M.,  Principal  of  the  Classical 
and BiathematiQAi  institute,  relative  to  "Pinnock'a  England and  witli  Dr. 
Adnio  to  kto  ©pinion  expressed  of  ** Bridge's  Algebra-''  "Pianock*9 
Rome,"  I  regard  as  well  Btla;>fr>i  uy  the  aM     Mlioolf  Md  jnrinie  readiof. 

£ast  Hartford^  Septemfjt  r  iS'\3. 

From  Rev.  C.  D.  Wtsibrouk,  D.D.,  Teacher,  Neto  Jersey. 

1  liave  cxaiiiined  Key  &  Riddle's  edition  of  "Guy's  Elements  of  Astro- 
Bomy,"  and  "An  Abriagmeat  of  KeltM Tfeattae  on  the  Globes."  Keith 
on  the  use  of  the  globes  is  too  well  known  to  need  any  recommendation; 
and  "  Ony'«  Astronomy"  will  recommend  itself  to  any  one  who  wishes  to 
introduce  to  tns  scholars,  or  to  hls  children,  the  interesting  and  sublime 
Btudy  of  astronomy.  '  C0RNEUU6  D.  W£i$TBROOK. 

Jiem  Brumewick,  Avgjcst  1, 1836. 


Ni  W.  t^ake,  A.M.,  V.  D.  M,  Profeaaor,  AmkBrti  CoUegt, 
IbtSBfl.  Kbt  4e  Biodu^— 

0'  ttiJi  mrn:—Vf\{h  great  satisfaction,  I  have  exatninod  your  editions  of 
"  Ptnnock's  Goldsmith's  Home"  and  "  England."  They  are  executed  in  a 
very  coovenfeDt  and  aitraotire  form,  and  are  works  which  may  be  eonfl* 
dently  recommended  for  use  in  all  our  schools  and  academies. 

The  "Scientific  Class- Book"  appears  to  me,  judging  from  the  portions  I 
have  yet  found  time  to  read,  a  very  excellent  work.  A  vast  amount  of  tha 
most  mteresting  and  valuable  tcnowledge  is  brought  into  a  small  compass, 
and  is  generally  presented  in  a  very  clear  ainl  happy  method.  1  hope  it 
will  obtain  exien^iive  circulation,  as  I  know  "f  iiuMiin::  bettor  adapted  for 
common  instruction  in  the  sciences  which  arc  treated  in  the  part  I  hava 
aeen.  Very  respectfully,  I  am  yours, 

iSg»IMifter81,  1836.  '     «-  /    N.  W.  FISKB. 

In  the  opinion  expressed  by  Profespor  Fiskc,  respaeUng  flia  "SdeBtifto 
Class-Buok,  Part  I."  1  can  most  cheerfully  concur. 

E.  S.  SNEIX,  A.11, 
Professor  of  Maihematict  a$id  NiUural  PhUoecphy,  inAtnkent  OoU$g9, 

Mussachuiietts. 

From  Rev.  David  R.  Austin,  A.M.,  Principal  of  Monson  Academy. 

I  Ailly  agree  with  Profeaaora  Fiake  and  0nel],  In  regard  to  the  **  Scfentiila 
ClaM'WDOk."  and  ahiD  adopt  it  in  the  institution  of  which  I  have  the  charge 

D.  R.  AUSTIN. 

I  eoncnr  with  Professor  Flake,  and  nnmerooa  others,  in  relation  to  "  Pin 

nock's  Rome."  D,  R.  AV6TIN. 

Monson,  September  23,  1835. 

Samuel  Jones,  A.M.,  of  Philadelphia,  5?ays  of  Bridge's  Algebra; — "Th 
lucid  style  of  investigating  eubicets  pursued  by  ProfiMaor iBrldge  in  hia 
*Conic  Sections,'  and  other  works,  i.s  found  rommenred  here  :  the  arrange- 
ment id  methodical  and  good,  and  I  can  unhesitatingly  recommend  it  as  well 
worthy  of  the  places  of  the  ill-digested  oompilptlona  used  ii| many  aehools." 

We  cordial)  V  join  with  Mc  Jopef  In  his Opildon  of  Key  &,  Riddle's  editiao 
of  "Bridge's  Aiijebra.",  H.  S.  AUSTIN. 

J.  M.  MOORE, 
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T  can  unhotiitaMnfhr  nilMMribe  to  the  munerooi  commendatlonf  oi 
"Bridge's  Aigebra."  DikViD  R.  AUSTIKL 

Prinelp(U  of  Momm  Academy,  Mw&chmm^ 

The  Nim  JenfifJmnmat,  ^ntedAumut  26, 1836,  of  jSNMelMMsn,  N.  J., 

remarks  of  all  these  works  : — 

"To  be  apprecJalcd,  these  books  require  only  to  be  known.  We  most 
cordially  recommend  them  to  teachers  and  parents.  As  lung  as  their  enter' 
prising  ])ubU8hers  publish  such  booka,  ana  to  soch  tut«i  they  cMiiiot  ftll  to 

meet  with  encouragement." 

#Vom  J.  Q,  De  JSMtr,  di.A,,  Professor  of  FrmGhf  Sfionitk,  and  UaUan, 

Philadelphia, 

I  have  examined  "  L'AbelUe  potir  les  Enfaos,"  published  hj  Messrs.  Kej 
end  Biddle  of  this  city,  and  am  so  nmrh  pU-a.sed  with  th»'  ptirf»  and  cha^o 
■tjle  of  the  selection,  that  I  sliail  use  it  iu  my  instruction  witii  the  younger 
popUe.  J.  G.  DB  SOTBEL 

&  NoHht  A.M.,  Professor  of  Languas^es,  TTamiltom  GUfo^,  Wfttee 

to  the  iiiihli.sh»*rs  of  thi-so  Histories: — 

"After  an  attentive  cxatnination  of  Goldsnuth  s  Histories  of  Rome  and 
Bngland,  with  notes  and  other  additions  by  Pinnock,  it  i;ives  me  pleasure  to 
say.  that  I  think  tln  in  the  best  editions  of  tiiose  deservedly  popular  works 
which  have  vet  boon  published."  H"  adds  also — "  From  a  cursory  exami- 
nation of  '  Hrid^o's  Algobra,'  'The  Scirnfific  Class-Book, '  and  'Guy's  As- 
trooomy,'  they  appear  to  me  to  be  well  fitted  to  facilitate  the  progress  of 
■cndants  in  m  reapeetive  adencea  of  wMeh  they  treat*' 

ajftfon,  Oneida 09,,N,  Y.,  »fptemb9r^»,  1836.  &  NORTB. 


W.  a  Seram,  Principal  of  a  Suh  ct  Class 

Troy,  New  York. 
Miaamti  Kct  A  Bmwji, — 

1  have  examined  the  edition  of  "Goldsmith's  England,"  prepared  by 
Pinnock  fur  the  use  of  schools,  and  published  byyou.  Also,  your  editiona 
of  "Bridge's  Alsobra,"  "  Guy's  Astronomy,"  ''^Kelth  on  the  Globes,"  and 
the  "  Sri.'tiridi'  ( 'I.iss-Rook,  Part  I."  and  con.si.lcr  ihi m  wortliy  thf^  attmtion 
of  teachers  ol  select  schools  and  academies.  1  shall  iiuroduce  them  into 
my  aohool  aa  soon  as  practicable. 

Yours  respectftdly,  W.  H.  BCBAlf,  AJL 

Having  partially  examined  the  above  worit,  wo  feel  no  hesitation  ir\  atlding 
our  names  to  the  recommendations  already  obtained  from  gentlemen  in 
whoae  honeaty  and  eapability  we  have  the  nunost  confidence. 

A.  CLARKE, 
JOS.  H.  CLARKE. 

We  fully  concur  in  the  above  reeommendation. 

A.  n.  CLEVELAND,  S.  P.  SKINNER, 

A.  DINSMORE,  C.  IL  ROHERTSON, 
JAMES  WILKESON,             ^  ROBERT  WAITER, 

WM.  HAMILTON,  /  8.  CLARK,  • 

DAVID  RING,  t  JAMES  E.  SEARLEY, 

JAMES  SirANI.EY.  [  K   RHODES  HARNBY, 

£.  YEATES  REElSE,  \  ROOT.  O'NEILL. 

N.  SPELMAN.  J  M.  POWBR, 

B.  WALSH,  JNO.  PRENTISS, 
PARDON  DAVIS,  £DWARU  S.  EBBSw 
SAMUKL  HirnHELL,                            MICHABL  TONER. 
O.  W.  TREADWELL, 

Having  examined  Pinnock's  improved  odifion  nf  Dr.  Goldsmith's  History 
of  Rome,  I  uuhetatatin^ly  say,  tiiat  the  stylo  aud  elegance  of  the  language 
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tlje  arrangement  of  fhe  chapter?,  an<l  iho  qnostlons  for  examloation,  render 
it,  in  my  emiuMioa,  »  noat  valuable  tcbooi  book :— I  thexefore  HKMrt  clieer« 
faUy  reeoBWMtHt  it  to  t6aclMi%  aad  do  oootldABUjr  tniat  tliat  it  will  flnd  «■ 

Bensive  rnrrof!ii -tirm  into  the  schools of  OUT  OOUDtry. 
BoUimore,  &'epte,nb'  r  23,  1S:35.  JA2*.  F.  GOOUK 

We  fully  concur  in  ilie  above  roooixuQeadation. 


8.  P.  BKINNER, 
C.  H.  ROBEKTriON; 
KOBT.  WALKER, 
WM .  HAMILTOl^ 

DAVID  RING, 

JAMEJ4  E.  SEAKLEV, 

SMI..  ROZKL, 

E  VE.\rE.S  RES8& 

N.  .S1'ELMA>J, 

B.  WAI^SH, 

PARDON  PAVIS 

O.  W  tbeadwblL 


A.  DIN8MORE, 
JAME:^  WILKESOK, 
J0&  U.  CLARKK 
8.  A.  CLARKR^ 

JOSEPH  WAr.KElL 
JAMFS  SHANLEY. 
E  RHODES  liABWY, 
ROirr  O'NEIL, 
MK  HAIOL  POWER, 
JNO.  I'll  i:N  I'lSS. 

EDWARD  ^.  EtiOsi, 
MICHAEL  TONER. 


WHm  SmmielJotiM,  A.3f.,  Pnnn'pni  nf  the  aassiaU  and  JltatkmaUetA 

Institute,  Ph iladelph ia . 

A  writer  of  so  honourable  a  popularity  as  Dr.  Goldsmith,  for  aU  the 

Kicea  of  an  elegant,  polished,  and  pure  style,  and  whose  histories  have 
en  BO  long  and  so  extensively  useful  to  youth,  certoinly  ni'eds  no  enco* 
mlum.  It  may  bo  added,  however,  for  the  information  of  those  teachers 
v^'ho  are  not  acquainted  with  the  iuiproverncnts  of  Pinuock,  that  he  has 
been  for  some  titoe  eminent  in  Enxland  for  valuable  additions  to  school 
bo^n.  Of  tlw  «dfMMi  of  Rome,  h%memn.  Key  &  Addle  of  this  city,  It  to 
believed  that  it  will  bo  ft  und  superior,  in  the  manner  of  "pf^tting  up,"  to 
any  yet  publishoil  m  liiin  country ;  while  ltd  attractive  appearance  and 
mecbanicial  execution  lead  ine  not  only  to  Iinpe,  but  coafidoauy  expoeti  that 
they  will  receive  a  lihr  ral  return  for  uieir  InTffitmfnt 

Phaadelphia,  Srpit  iaber  15,  1835.  BAiMUEL  JONES. 

We  fully  concur  in  the  above. 


THOMAS  HAI  DW  IN, 

D.  MAGENIS,  Tt  achrr  qf  ElMM/Um. 

WM.  A.  GARIUGUES, 

CHARLES  nSNRY  ALDEN, 

WILLIAM  MARRIOTT, 

THOMAS  CONARD, 

U.  KITCHEN, 

BETH  SMITH. 

J.  D.  GRIS(TOM, 

AUGUSTINE  umnwroN, 

CHAS.  B.  TREGO, 
THOMAS  EUSTACE, 
J.  H  HROWN, 
JOHN  STEEL. 

T.  o.  Forrar 

JOHN  P.  ENGLES, 
WILLIAM  MANN, 

L.  W.  miRNF.T, 
HUGH  MORROW, 
JOHN  EUSTACE. 

A.  CRI'ITEN  DEN,  Principal  of  a 


SHEPHERD  A.  REEVESL 
JOHN  IIASLAM. 
EL.  FOUSE, 
OUVER  A.  SHAW, 
M.  L  HURLBBRT, 
RIAL  LAKE, 
BENJAMIN  MAYa 
WILLIAM  M'NAIR, 
O.  K  FROST, 
SAML.  CLENDENnt 
THOS.  COLLINSL 
J.  O'CONNOR, 
JNO.  STOCKDAUL 

D.  R,  ASHTON.   

BENJAMIN  C.  TOOnflL 
JAMES  CROWELL, 
RICHARD  M'CUNNBY, 
JAMES  E.  SLACK, 
CHARLES  MEAD, 

E.  H.  HUBBARD, 
V.  VALUE, 
£DWARJ[>  POOLS. 


r,  LL.D.,  Profesaor  ijf 
CMege,  New  Jere^f, 

MkBUM  KbY  &  BiDDLB,— 

fiMiMMii.-— I  am  mneh  obH^d  to  70a  for  the  eoplet  of  tho  "flSeteotfto 

CQB88*Book,  Part  I."  and  "  Bridges' Algebra."  In  cornplianro  with  your 
VOqaeat,  that  1  should  give  my  opinion  of  their  merits,  1  observed  thai  troia 
•  wnorf  fHlunllllltion  I  have  been  led  to  Torm  a  fitvoiuvble  opinion  of  them. 
The  subjects  treafni  of  (in  the  ''  Class- Book")  appear  to  be  discussed  in  a 
very  clear  and  able  manuer.  Besides,  there  are  several  important  subjects 
(auch  as  pyronymics,  electro-magnetism,  &c.)  introduced,  which  arc  not 
usually  treated  of  in  works  of  this  kind.  The  Algebra  is  written  in  a  veij 
parspieooaa  style,  and  the  subjects  investigated  appear  to  be  ably  handleoL 
Yours  reHpectfuIiy,  THEODORE  fltBONO. 

JtTete  Brunswick,  July  27,  1835. 

From  C.  IT.  Anthony^  Principal  nf  Troy  Practical  School. 

I  have  examined  "L'AbeiUe  pour  lesEnfana,''  "  Bridge's  Algebra,"  and 
■*BetentilIo  Cla9«-Book,  Part  I.,"  the  books  lately  pabUsbed  by  MesarSi 

Key&  Bidtlle,  and  think  them  superior  to  most  othrr  works  on  the  subjects 
on  which  tliey  severally  treat.  Ho  high  an  optniou  have  I  of  their  utility, 
that  I  shall  endeavour  to  Introdaee  them  into  my  wshool  as  te.x  t  lK>ok.s. 

a  £L  ▲NTHONY, 

TYoy,  New  York,  July  30,  1835. 

Prom  A.  D.  My  en,  BJL,  Principal  qf  Whitehall  Acodemff, 

Messrs  Key  &  Biddle, — 

Gentlemen:— I  have  been  much  pleased  by  an  examination  of  "  Pinnock's 
History  of  England,"  "Guy's  Astronomy."  "Keith  on  the  Globes,"  and 
the  "Scientific  Class-Book,"  together  with  "Bridge's  Algebra."  I  think 
ttiem  all  weU  entitled  to  a  general  iotroduclion  Into  our  schools.  I  cheer- 
fully give  them  the  Reference  to  ai^  othor  books  of  the  kind  that  Imf 
taliea  into  my  hand 

Yotirs,  Sec.  .A.  B.  MYERS. 

WhUehalS,  New  Yerik,  183S. 

FVom  a.  W.  JVancftt,  XilC,  PrimetpeA  efa  B^tet  SeM,  Tngf,  201  T* 

Messrs.  Key  &  Biddle,— 

Gentlemen:— I  have  fbnned  so  favourable  ao  opinion  of  "Bridge's  Alge- 
bra," "Johnson's  Sdentifio  01ass>BDok^>  and  *'Pittnoek*tf  Ooldsmltn'i 
Rome,"  published  by  yoli,  tlMtl  poipose  ttHntrodsce  them  into  mf  school 

as  soon  as  practicable. 

Yoin%  O.  W  FRANCUL 

3VQy.  Mtt  29. 1836. 

CtoMva  College,  If,  T.»  let  Dec  m, 

Messrs.  Key  &  Biddle, — 

Gentlemen  :—A  few  weeks  since  your  agent  desired  my  opinion  as  to  the 
merits  of  "Pinnock's  Goldsmith's EnglaiuL"  "Pinnock's  Goldsmith's  Rome," 
**Qn7*s  Astronomy."  and  the  "flcientioc  Class-book,  Part  First."  1  hav« 
cursorily  ejcatnined  eaeli»  m  requested^  nnd  have  foqned  tha  fidlowiqg 
opinion,  viz. : — 

Pmnock's  Goldsmith's  England  and  Plnnoek's  Goldsmith's  Roma  ar# 

works  of  great  merit ;  arc  well  adapted  to  en.'^tire  the  objects  intende<l^  and 
ought  to  be  extensively  used  in  all  the  schouln  in  the  country. 

Guy's  Astronomy  contains  all  that  is  necessary  on  that  subject  for  ele- 
mentary instniction  ;  more  is  not  deeirablc  in  the  absence  of  demonstrative 
reasoning,  which  cannot  be  advantageously  employed  without  previous 
thorouffh  mathetnatical  preparation. 

TheSoientific  Clas8>buok.  Part  First,  is  tha  best  work  of  the  lund  with 
ubich  I  am  aeqnaintad.  If  the  learned  author  exeenfas  tha  aacond  part  with 
tha  aame  ju(%ment  and  ability  as  he  has  the  first  psurt,  tlda  treatisa  wUI 
daiMSve,  and  no  doobt  receive  very  extenaivo  patronage.' 

▼aiy  reitoectlhlly  yours,  Ac, 

UORAC£  WfiBSTER. 
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Piniiurk's  rdition  of  "CJoIdsmith's  Romr"  has  scvi^ral  very  useful  addl- 
Uuns;  ilie  uue  an  intio-luction,  cunlaiaintj  an  abridged  view  of  Romaa 
Ueograpby  uid  AniiquiiK  and  thc>  other  a  very  appropriate  extension  of 
RouMin  history  to  tlje  aubjni;atioM  of  the  Kuipin-  by  the  Northern  Uarbariana. 
Thi8  iuipruvcd  edition  of  "Goldsmith's  Komu"  wiU,  no  doubtf  retain  its 
place  in  our  schooto  m  one  of  tbe  bait  abfktgmenu  of  the  hlilMrj  of  ibot 
4iaftrorting  peoplo. 

iN0.1LKBAGT. 

rrom  J.  M'lntyre,  EnglUh  and  dasaical  Teacher,  PMtadelfkia, 
'  nnaoek'fl  edition  of  "Guidsmitli'aAome"  \n,\n  my  opinion,  supoitar  to 
my  other:  the  introductory  chapters  contain  much  information  new  and 
Intertslinp,  and  present  a  favourable  specimen  of  the  editor's  hibtorical 
powcTe).  To  sprak  of  (iolilsinitli's  8tylt;  is  utujoi  ■  s>ary  :  but  of  the  style 
of  tb«  pxewQi  ^itor,  we  may  state,  ihiA  it  ia  eminentlj  cliaste,  and  little 
deficient  either  Hi  purity  or  preciston ;  it  Is  digntfied^  yet  not  wmt}  coaelM 
end  f>tron<^,  without  rouKhtu'HS  or  obfOVlitX* 
Pine  Sirput,  f  tctahtr  i),  1835. 

Messrs.  Kev  «k  litDDLE, —  * 

Oentlemen:—!  have  perused,  with  ninch  interest,  the  "Scientific  Class- 
Book,"  edited  by  Professor  Johnson.  Allow  me  to  unite  my  acknowledge 
ments,  with  those  of  other  teachers,  for  so  valuable  an  aid  to  the  business 
of  Instruction.  The  whole  work  forms  the  most  clear,  exact,  and  compro- 
liensive  elemrniary  ti«  ati--'  tluit  1  have  son  on  tlio  subjects  which  it 
embraces.  The  viilue  ul  the  work  is  still  farther  enhanced  as  the  produc- 
tion of  one  long  familiar  with  the  tonics  on  which  it  treats,  and  thoroughly 
versed  in  the  mode  of  preaeating  tiiem  to  tbe  inijM^  la  the  variona  forme 
of  practical  instruction. 

Yours,  WILLIAM  KDBSEXX. 

PhiUMle^pkia,Oct<fber6,\B36, 

Prom  Mr.  Myrs,  A.B.,  of  Vermont. 

GenUemen>^l  think  your  school-books  should  be  introduced  into  all  our 
•ebools  ee  eooil  as  possible.  They  are  just  the  books  which  have  long  been 
needed  end  the  aoooer  they  are  brought  into  use  the  better. 

Yours,  ALI.EN  B.  IVfYERS. 

From  a  communication  to  the  Norwicli  Courier  of  October  Uth,  1835,  by  the 
Rev.  John  Storrs,  Principal  of  tkB  Nongieh  F^tmmh  AeodMiy,  the  Ibl* 

lowing  extracts  are  taken : — 

First— The  first  excellence  of  this  work  ("The  Scientific  Class-Book")  is 
tbe  irinpUcity  of  style  in  which  it  is  composed.  Secondly— The  familiarity 
of  if-^  ilhistrations  is  anotlier  excellency.  Thirdly— Connected  with  this  is 
an  abundance  and  variety  ot  illustration  ;  so  that  the  subjects  presented  are 
brought  to  the  understandin::  >  f  the  inost  obtuse  intellects.  Fourthly— 
Another  excellency  of  the  work  is  a  duo  regard  to  brevity  ;  which  cannot 
be  said  of  all  books  treating  of  the  sciences.  Fifthly — In  this  book  is 
gathered  a  large  amount  of  practical  knowled;;e.  Hence  irif^n  in  practical 
fife  will  find  in  it  much  valuable  information,  wd  many  sensible  hints.  On 
•eeonnt  of  these  eseellencieB  I  can  moat  cheerfuUj  recommend  the  work 
t^Tour  readers. 

''Norwich,  Conn.,  October  12, 183S.  JOHN  STORRS. 

Messrs.  Key  &.  Diddle, — 

Cfen//«nen Goldsmith's  History  of  Eiij^land,"  as  corrected  and  ar- 
ranged in  your  reci-nt  edition,  is,  in  my  opinion,  the  best  book  on  its  subject 
which  can  be  put  into  the  hands  of  young  persona.  The  style  of  the  origi- 
nal work  baa  an  attiocttve  charm  hi  Utt  ewa  and  fiuoncy  of  the  narrative. 


It  i«  a  pleasing  model  of  romposltlon,  and  farnislies  excellent  matter  for 
exercises  oi  i  watli.uj    As  a  book  ol  lusiory,  however,  tt  needed  reviston 
atui  ou.endation.   These  it  has  undergon^  to  the  bert  iviS^e  iTSS 
prewnt  form :  tbe  American  editor  having  used  WwTettrSSStL  reniir 
it  an  aeceptabfe  and  useful  class-book.  '  wraoo  to  reader 

r»A  ;   t  ,  ,  ■    ^'.^'/i'  KcnUemen  youit^  ivithmnch  respect, 
Philadelphia,  7th  October,^lim.       ^  WILLIAM  &USfl£UL 

Mbbsrs.  Kjjy  dc  BiDOUty— 

^i^J^^urilina^f'  ■T*"®'^  rayself.  with  much  satisfaction,  of  the  useful 

SS?^.*'TlKrf  „l    "^^^  Astronomy"  and  "Keith's  Treatise  on  the 

boSE  .f  itJkin?  Tn^A"  was  one  of  the  best  .  iementa^ 

tottS  universal  L"t^^    great  extent  of  the  latter  was  the  only  obstacle 

learaerfc  WM  hi  f  A,.  ?r«n  ^""^  .'^^''^^  ^""'^  be  us.ui  with  young 
leanier^  was  by  the  transcnjjtion  of  the  most  iuiDoriant  nana  of  it.  t5 

tise  have  kept  pace  with  the  lireal  improvements  in  the  science  itsdf  an^^ 

nafteh  of  Natoral  Phtlosophy  which  we  have  In  our  laiuruajie.  It  is  soma  f 
evidence  of  this  lhalone  of  the  most  pooular  treatises  o?u3inae  robfecL  f 

1.^'  ^^If  Globes,"  as  now  adapted  to  our  schools,  is  perhaps  unequal.  ' 

led  by  any  similar  work ;  and  the  union  of  these  two  in  one  volume  of  modp 

rate  size  was  a  fortunate  arrangement,  and  has  supplied  a  great  dci^idcra.'  \ 

S!Sm*l^,£S*"^**^®**"**^»^  are  eStitlecl  to    uch  \ 

"^PSa  am... -Deer.  1836:  fi.iiBUEEirr. 

Professor  Johnson  has  rendered  the  public  an  invaluable  eerrice  in  hia 

3*®i'*5£SJ***'^°***^!:  Il>8atrcasureofnsv>fulknowlcd^c.happilyadapted 
not  onl^  to  therms  of  the  student,  but  uui  less  so  to  the  general  reader 
Ihere  is  so  much  intrinsic  merit  in  this  volume,  so  much  of  what  everv 
JSl'^^^  l^llF^'^''}^  counUy8hould,in  some  sense,  be  familiar  with. 
^o*iH  r  "  «'^f«^l'»«f*l8  only,  to  be  known  to  ensure  it  a  wide  circulation 
Aside  from  its  peculiar  tnent  a?;  a  das? Lonk  for  the  higher  gchooh,  1  wouM 
say  to  every  young  man  in  the  United  Slates,  about  to  engage  in  the  buslnem 

New  Britain,  Conn.,  Dec.  7,  1835.  g;  BUKRITT. 

-Ji*!f«®j21P«**S^.?  ^^-"1'  M'-  Bridge's 'larger  system  of  Algebra, 

and  am  gratified  that  an  author  so  couipeienl  to  the  task  has  furnished  an 
elemenlarj  treatise  for  junior  pupils.   This  fa  so  8lmple?dear.  mS  w^^ 

S3«i^itMn'?h5^^  '^^^'"^  '-^'y  essontSl  Lrirch  SfSl^ie: 

ra^ea  within  the  reach  eyen  of  common  schools.  The  importance,  in  such 
a  work,  of  great  perspicuity  in  the  rul.s  and  ejKamples;  of  enlalnlmr  elearl? 
J^S  and  connexion  between  each  succesXlSp. 

SKi  nf  -JSJni"*'''"*  easy  graciations,  from  the  first  princ? 

Pi  h«toV""P*r  '^"^  inv.  sti-trion  of  the  higher  analysis,  appew-s 

to  have  been  fully  understood  and  .luly  appreciated  by  Uie  author  of  this 
valuable  elouientary  treatise  on  Algebri  ^        E?H.  BORRITTT  A  M 
Nen  Britain,  Conn,,  Dec.  7,  1896.  J^^fif  «^  Oeogrophy  of  th 

«M<  JMKv  Oau-look  oj  jistrommiyi 
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Vi»r??jofi7. 

The  "Scientific  Cla8»-book"  is  atiuiirubly  adapted  to  the  use  of  high 
schools  and  academies,  M  an  Introduction  to  the  piinciplee  of  physical 
science.  It  is  neither  a  meagre  sketch  on  the  one  nand,  nor  on  the  other 
is  it  overloaded  witli  facts.  The  principles  are  diRtinctly  announced,  and 
the  illustrations  and  proofs  are  interestirii;  ntui  satisfactory. 

"  Goldsmith's  Rome"  and  "  Goldsmith';^  EuAiand,"  condnf  from  one  who 
"wlDnied  every  thinfr  that  he  Coached,*'  needed  only  whit  nas  been  done 
by  Pinnock  to  make  them  as  well  suited  to  thr  piirpoaeaof  elass-boolui  la 
aca<)f>mie8,  as  they  were  before  to  general  reading. 

r;uy»8  Astronomy"  and  "  Keith  on  the  Globes,"  two  in  one,  arc  exeal- 
lenl  for  unfolding  a  Hrionce  in  whicli,  from  the  grandeur  of  the  objects  pre- 
sented, every  youth  and  every  man  must  feel  a  strong  curiosity  and  a  Jeep 
httaiMti  WILLIAM  C.  FOWLER, 

FrqfeMor  Ciietnitlrjf, 

iVeM  JZav.  JOavid R»  Ait8i ht,  A. M  Prin cipal ^Mm»m Aeademift 

**Bri«lge*8  Algebra"  lias  been  adopt »'d  a^;  a  text-book  in  Monson  Acadenjy, 
and  1  can  stale,  with  the  utmost  confidence,  that  it  is  superior  to  any  work 
of  the  kind  within  my  knowledge.  The  arrangement  is  metlKtdical,  the 
Matemeat  of  pri n ciples  clear  and  conetae.  The  pupila  aye  unilbrmly  nleaaed 
with  it.  and  their  progress  greatly  IkeUUated.  O.  R.  AtSSmS, 

Jan.  19,  im.  . 

The  "Scientific  Class-book"  has  been  Introduced  into  Monson  Academy, 
anil  I  do  not  besiiate  in  sjy  that  this  book  far  exceeds  any  eleuientary  trea- 
tise upon  similar  subjects  which  1  lutve  seen.  Ttiis  work  deserves  the 
patropage  of  the  pablic ;  and  I  cao  cordially  recommend  it  as  a  suitable  book 
to  introduce  into  cooinioo  aehoda  andacadeniea  tbroughnnt  rho  land. 
Jan.  19,  1636.  D.  R.  AtbTlN. 

fram  the  Misses  Tiaruard. 

We  ttave  looked  through  your  little  volume  of  "  Sacred  History,"  and  are 
Terr  much  pleased  with  it.   We  have  long  felt  the  doBciency  of  our  pupils 

in  this  branch  of  education,  and  are  happy  to  introduce  to  their  notice  a 
work  so  well  worthy  their  aileuiion  as  ia  yours,  in  the  humble  opinion  of 

MISSES  BAWAKD. 

Philadelphia,  Aug.  1st,  1838. 

Mbbsbs  Key  A-.  Biddlb, 

Oentiemen—l  have  examined  Pinnock's  improved  edition  of  Dr.  Gold* 
•mith*8  abridgement  of  the  '^History  of  Rome,'*  and  consider  U  eminently 
adapted  to  the  use  of  schools,  a(  adeuiies,  and  private  students.  The  intro« 
ductory  chapters  elucidate  clearly  and  forcibly  the  manners,  customs, 
lawa,  religious  and  oivil  institutions  of  the  Romans;  and  form  a  valuable 
prelude  to  the  history  of  a'  state  which,  from  obactire  and  feeble  orlgiO|  ex- 
tended its  arts  and  arms  over  every  known  habitable  spot  of  earth. 
With  my  beat  wlahea  for  the  ioeceae  of  your  many  useful  pobUealioni^ 

I  aoL  reapectfiilly,  yours, 

WM.  ROBERTS, 
Ttacher  of  Yoiins^  Liulifs'  Seminmm^ 
No.  133  Lombard  Street. 
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